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Forging Steel Components 


Forging is a slow process, but the uniform working of steel results in a structure 


possessing superior mechanical properties. 


The control of the operation, which can 


be exercised by the expert forger, and especially his control over the temperature at 
which the work is finished and over the varying force applied at different stages 


and temperatures, makes forgings of great value to the engineer. 


Reference is made 


to the works of Messrs. The Firth Derihon Stampings Ltd., Sheffield. 


MPROVED technique in the manufacture of steel 

and the rapid development of numerous processes, 

have given the engineer materials possessing greatly 
improved mechanical properties, with the result that there 
is marked progress in the amount of service which can be 
obtained from a given quantity of steel. The increase in 
the strength-weight ratio is especially important in trans- 
portation service, where it has reduced the dead load with- 
out sacrifice of strength and effected considerable economy 
in running costs, but in all branches of engineering there is 
a marked tendency to make use of the improved properties 
of materials. 


Fig. 1.—A_ general 
view of one of the 
hays at the works of 
Messrs. The Firth 
Derihon Stampings, 
Lid., showing some 
of the qas fired heat- 
ing furnaces, 


With the mechanical properties of steels, however, are 
closely linked the manufacturing processes of the various 
components associated with modern engineering. The 
finished component may be a casting or it may be shaped 
mechanically. Some shapes are so intricate or so large 
that castings must be made, others must be produced by 
pressure because the service in which they are to be used 
demands the higher strength and ductility which mechanical 
work produces. It is true that economical considerations 
govern the choice in some instances, but the importance 
of quality is increasing the demand for components which 
ire mechanically worked. 

Mechanical work will multiply the strength of steel many 
times. The increase in strength and ductility as a result 
‘tf hot work is due to a refinement in the crystalline structure 
following the breaking down of the coarse ingot crystals 
ind to the development in the steel of directional properties 
grain. Hot work is effected by means of forging, rolling, 


or by presses, and by each method the properties of the 
steel are greatly improved, but for many types of com- 
ponents the most desirable mechanical properties are 
imparted by forging ; this is especially true in the auto- 
mobile and aeroplane industries where numerous key 
components are almost invariably forged, heat-treated 
and machined. In such cases quality is of primary im- 
portance, and the forged component gives those strength 
characteristics, with relatively low weight, which are so 
necessary. 

It is the rapid development of the atuomobile and 
aircraft industries in recent years that has given an impetus 





By courtesy of the Furnace Department, The Davis Gas Stove Co., Ltd. 


to the production of forged components. These include 
such parts as crankshafts, camshafts, connecting-rods, 
swivel axles, steering-arms, gears, axle and_ propeller 
shafts, universal-joint spring brackets, highly 
stressed bolts, valves, valve seats, and, in fact, all the 
power- and load-carrying parts which are subjected to 
severe service conditions. The extent to which forgings 
are being used was emphasised by a recent visit to the 
works of Messrs. The Firth Derihon Stampings Ltd., 
Sheffield, where a remarkably wide range of carbon and 
alloy steels are being forged into numerous diverse shapes. 
A general view of one of the bays is shown in Fig. 1. 


parts, 


Forging Steel 
Forging may be said to be the instantaneous application 
of pressure in which the pressure is relieved before the 
metal has fully yielded to it. The method is the first 
adopted for shaping metals and is accomplished by the 
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Fig. 2 Forging machine uitable for most articles 
he made direct from the bar 


blow of a falling weight, frequently aided by some other 
force. It is a slow process of reduction, but the uniform 
working of the crystals results in a structure possessing 
superior mechanical properties ; in addition, however, the 
control of the operation which can be exercised by the 
expert forger and especially his control over the temperature 
at which the work is finished and over the varying force of 
pressure applied at different stages and temperatures, 
makes forgings very valuable in engineering 

The operation of forging must not continue when the 
temperature of the steel is below 700) C.. but the most 
suitable finishing temperature depends upon the type of 
steel being forged and the size of the component, as the 
temperature mentioned is too low for many alloy steels. 
As is well known, when the steel is heated above its critical 
range the austenite crystals grow, the extent of their 
growth being a function of the temperature and time. 
The crystals are larger at higher temperatures and with 
increased time at those temperatures, and grain growth 
takes place under these conditions and persists, unless the 
steel is the nsubjected to mechanical work During 
forging the change in the shape of the mass breaks down 
the large crystals, and the growth of new crystals is 
Immediately work ceases, however, crystal 


prevented 
as the metal cools to the temperature 


growth continues 
of the critical range 
tion takes place which gives the steel its normal structure, 
and the greater the amount of erystal growth which has 
been allowed to occur the coarser will be the final structure 


In the critical range the transtorma- 


To obtain the finest possible structure it will be appreciated 
that the correct finishing temperature is of vital importance, 
and experience has shown that the best finishing tempera- 


ture is just above the critical range 


The Importance of Grain Flow 
One of the most important characteristics of forgings 
is the grain flow ; the direction of this is of vital importance 
in the majority of forgings, as for instance, in gear blank 
forgings where the vears are to resist shock loads For 
these forgings flow lines must extend outwards from their 
centres to the extreme end of each individual tooth 


In this instance, by forging a gear from a flat bar, proper 


vrain flow will not be obtained except in some parts of the 
vear and some of the teeth would have the grain flow in 
an incorrect direction, and the teeth would consequently be 
of varving strengths, especially in their resistance to shock 
A more satisfactory method is by hammer upsetting, by 
which correct tlow can be obtained with maximum and 
uniform strength in all the teeth of the gear. The latter 
method is adopted at the works of Messrs. The Firth 
Derihon Stampings Ltd., a brief description of which may 
be of interest 
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These works are very extensive, but the demands on 
the machines installed are such that extensions are in 
progress and new equipment has been found necessary. 
The equipment installed includes ranges of pneumatic 
power hammers, friction drop-stamps, frame presses, 
forging machines, and, in addition to batteries of heating 
furnaces, there is complete plant for the heat-treatment 
and machining of the forgings. Adequate facilities are 
available in the testing departments for conducting tests 
in accordance with the British Engineering Standards 
Association. Since the work performed is for a large 
number of customers, it is therefore of a jobbing character 
on a large scale, and considerable attention is given to the 
die-making and sinking department, which is adequately 
equipped for dealing with a wide variety of dies and tools 
used in the forging operations. 


Forging Steels Used 


The forging steels employed include a comprehensive 


range of carbon and alloy steel suitable for a variety of 


specifications. In the main, these are supplied by Messrs. 


Thos. Firth and John Brown Ltd., and the regularity of 


analysis of these steels, together with the very small im- 
purity content, enables standard test results to be obtained 
with very small variations. The steels are supplied in bars 
which are cut to suit the requirements of the forging to be 
produced. Many of the parts, namely, those which are the 
most important and highly stressed in service, are numbered 
differently from the parts taken from the next bar, and the 
number remains with the part until it has been converted 
into a finished forging; thus, should the steel develop 
any weakness or fault, all pieces cut from the bar affected 
can be segregated with little trouble. Although this 
method has been in operation for many years without 
segregation being necessary, it will be appreciated that 
when large quantities of similar forgings are being made, 
it is advisable to keep a careful check on each bar of steel 
used in case an unusual fault should develop. 


Forging Machines 

In the making of duplicate forgings there is no forging 
appliance that can be used to a greater advantage than the 
modern forging machine, several of which are installed in 
these works. For certain classes of work these machines 
not only produce at a lower cost, but the work is turned 
out cleaner in finish and more accurate in size than by 
hand or hammer methods. Their scope is quite consider- 
able, as most articles which can be made direct from the 
bar can be handled economically. An additional machine 


of this type, somewhat similar to that shown in Fig. 2, 


Fig. 3.—A 20 ewt. clear space pneumatic power hammer in 
qe neral use. 
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has recently been installed ; it was supplied by Coventry 
Machine Tool Works Ltd., and is equipped with a self- 
contained Texrope motor-drive. 


Forging Hammers 

For general forgings considerable preparatory work is 
frequently done with power hammers before the final shape 
is given in dies, the object being to reduce the stock by 
drawing or upsetting to set the grain flow before the final 
shape is given. For this purpose the pneumatic power 
hammer is now recognised as the most efficient and 
economical of hammers, and the 20-cwt. clear-space power 
hammer shown in Fig. 3 is one of the many hammers of this 
type employed. Probably no forging appliance is more 
extensively used than the drop hammer. These are par- 
ticularly useful for giving the finished shape to forgings. 
As the term implies, the heads of drop hammers are raised 
to a sufficient height for the required blow, released and 
allowed to fall on the work being forged. There are various 
methods of raising the heads, or tups, of this class of 
hammer, but the most common for forged work is by 
friction. A large number of these drop hammers operate 
at The Firth Derihon Stampings Ltd. 


Presses 

The forging, which has been hammered between dies 
under the drop hammer, is not finished when it has left 
that machine ; “ flashes,’’ which represent excessive metal 
pressed between the parts of the die, must be trimmed off. 
One of the many presses for this purpose is shown in 
Fig. 4. This machine, by Messrs Taylor and Challen Ltd., 
is capable of exerting a pressure of 1,000 tons at the bottom 
of the stroke, and is fitted with a multiplate friction clutch 
and brake mechanism, by means of which complete control 
can be obtained at any point in the stroke. It has been 
specially designed and supplied to Messrs. The Firth 
Derihon Stampings Ltd., for clipping operations on their 
heavy drop-forgings. 


Heating Furnaces 

The importance of control of heat for forging has been 
mentioned previously, particularly the finishing temperature 
of the steel. The temperature used exerts considerable 
influence upon subsequent heat-treatment and machining 
operations and upon the results obtained with the 
finished forgings in service. Heat-treatment begins with 
the heating of the steel preparatory to forging, and concludes 
with the final cooling following the last heat-treatment 
operation, assuming that the steel is in suitable condition 
when charged into the forged furnace. Slow, soft, soaking 
heats afford the steel time to heat up throughout its mass : 
these are more desirable than quick, high heats. The 
objective should be to maintain the temperature of the 
furnace as near as possible to that necessary to softer the 
steel to the extent necessary for its proper shaping, and 
then to give the steel reasonable time in the furnace to 
soak thoroughly at that temperature, without overheating 
or oxidising the outside. Adjustments should be made 
so that the finishing may be completed at the temperature 
as near the critical range as possible. 

At Messrs. The Firth Derihon Stampings Ltd., slow, 
soft, soaking heats are obtained in furnaces fired by town 
gas. In fact, much pioneer work with town gas has been 
carried out at these works, and, apart from the battery of 
coke-fired annealing furnaces, all heating and heat-treat- 
ment furnaces installed are fired by town gas. The majority 
of the forge furnaces installed were constructed by Messrs. 
Davis Furnace Co., Ltd. These are of the Revergen type, 
gas-fired, with low-pressure air supplied by means of a fan ; 
that shown in Fig. 5 is a typical installation. Each furnace 
is supplied with its own regenerators, which are built into 
the structure beneath the floor of the heating chamber. 
These regenerators ensure the maximum amount of residual 
heat in the products of combustion passing through to the 
flue outlet being recuperated and returned to the working 
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Fig. 4.— Press capable of exerting a pressure of 1000 tons. 


hearth in the form of highiy preheated air. Each chamber 
with its regenerators is under separate control, and can be 
worked as an entirely independent unit. 

The burners are designed to give a luminous flame, 
which, while providing for reasonably rapid heating of the 
stock, reduces the amount of oxidation and _ facilitates 
clean forging. Heating operations are supervised with the 
object of keeping a check on the temperature, the time of 
heating, uniformity of the heat throughout the heating 
chamber, and the oxidising effect of the flame. 

Single- and double-chamber gas-fired forge furnaces are 
installed which were constructed by British Furnaces Ltd. 
These differ somewhat in design in the single-chamber 
furnace, for instance, the burners are arranged down one 
side of the furnace and the flues on the opposite side. 
After passing down the flues the waste gases enter the 
recuperative chamber, and pass through this to the exhaust 
flue in the back wall of the furnace. On the other hand, 
two sets of burners are fitted to the double-chamber 
furnaces, one set in each chamber, and these are arranged 
down the outside wall in each case. When in operation 
only one set of burners is used at once, these being in 
the high-temperature chamber. The hot gases from this 
chamber pass through communicating ports in the centre 
wall into the second chamber, which acts as a preheating 
chamber. When the high-temperature chamber has been 
discharged, the burners are shut off and those in the pre- 
heating chamber lighted. In addition, a special double 
damper is operated which reverses the flow of gases, and 








Fig, 5 1 Revergen type gas fired heating furnace by The Davis 


so the original high-temperature chamber becomes the 
preheating chamber which is charged with cold stock. 
Considerable attention is given to the proper heating 
of the various carbon and alloy steels to be forged because 
the firm believe that the technical and commercial pos- 
sibilities of this operation are well worth the effort necessary. 
The importance of uniformity is realised, particularly with 
revard to each piece of a batch for duplicate forgings, with 
a view to obtaining uniformity of characteristics in the 
finished product, and the furnaces installed are operated 
to provide a low rate of heating, so that the charge can be 
thoroughly saturated without burning the steel. 
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Heat-Treatment Furnaces 

For many years this firm has used a 
battery of coke-fired furnaces which were 
designed and built in the works. These 
have given consistently good results, par- 
ticularly for hardening and tempering pur- 
poses, but two new gas-fired furnaces have 
recently been installed for heat-treating 
forgings. These furnaces, which were de- 
signed and built by Messrs. Gibbons Bros. 
Ltd., have not yet been put into com- 
mission, but in view of the improved fac- 
ilities afforded by modern gas-fired heat- 
treatment furnaces and the marked im- 
provement in them for this purpose, it is 
anticipated that from steels heat-treated 
in these furnaces the best physical and 
mechanical properties will be obtained as 
in the case of the existing coke-fired 
furnaces, and consequently an extension 
of the use of town gas for heat- treatment work at the plant 


Furnace Co. 


in question. 

This firm is fully equipped to supply forgings in a condi- 
tion ready for machining or completely finished and heat- 
treated to fulfil any standard specification. The various 
departments, from the die-sinking shop to the machine- 
shop, are arranged with a view to expediting production, 
and final testing is carried out to satisfy the firm’s emphasis 
on quality and to meet the wishes of clients. 

The writer wishes to express his sincere thanks to Messrs. 
The Firth Derihon Stampings Ltd., and to the Works 


Manager, Mr. E. H. Henderson, for the opportunity of 


visiting these works. 


Exhibition of Electrical Furnaces in Sheffield 


Several special furnaces were included in an exhibition by Messrs. Siemens-Schuckert, at 


the Sheffield works on May 11 to 16. 
file industry ; 


lempering furnace with automatic air flow reve rsal 


box-furnace with preheating chamber for high-speed steel 


The exhibits included a duo-muffle furnace for the 


air-circulation 
and an electrode salt-bath furnace : 


brief particulars of which are given in this article. 


N exhibition and demonstration of industrial furnaces 
generally proves attractive, and this exhibition by 
Messrs. Siemens-Schuckert (Great Britain), Ltd., 
was no exception. This is not surprising, because the 
influence of heat upon the quality and cost of nearly all 
manufactured products is becoming increasingly appreciated 
and manufacturers are seeking efficient methods of heating, 
cooling and handling their products Several of the 
furnaces exhibited at the sheftield Corporation Electricity 
Department's premises at Kelham Island were of consider- 
able interest, particularly the new carbo-neutral salt-bath, 
in which high speed steel is bright hardened at temperatures 
up to 1,350) C. without any decarburisation. This furnace 
is a new development and demonstrations were given in 
conjunction with Imperial Chemical Industries, Ltd 
The salt-bath has long been regarded as an ideal means 
of bright annealing, the disadvantage of the former barium 
chloride salts used being surface decarburisation. This 
difficulty has been completely overcome with carbo- 
neutral. The furnace develo; ed is the directly-heated 
type and a new salt is employed for the bath ; it is a special 
electrode salt-bath provided with starting arrangements 
appropriate to the electrical properties of the new salt 
Another furnace which proved attractive was a pit-type 
tempering furnace with forced-air circulation for tempera- 
tures up to 700°C. A special feature of the design is the 
rev-rsible fan, by which the direction of air flow may be 
changed at intervals in conjunction with an automatic 
on 


reversing switch. The efficierwey of the fan is about 72 


irrespective of the direction of rotation. This furnace is 


especially useful for the heat-treatment of all types of 


aluminium alloys, but is not confined to this application, 
as it can be used with equal success for ferrous alloys. 

The duo-muffle furnace shown with embedded heating 
elements is already well known among file manufacturers, 
since the division of the muffle into two independently- 
controlled zones enables the heat distribution to be 
graduated according to the special requirements of this 
trade. These embedded-element furnaces are inexpensive, 
compared with the more orthodox types, and since the 
muflle is sub-divided, it is an easy matter to renew a section 
if required. 

For hardening high-speed steel, a preference is often 
shown for a muffle furnace with pre-heating chamber, in 
which a charge can be brought to about 800° in the lower 
chamber and subsequently soaked at 1,350° C. in the upper 
chamber ; a furnace of this type was shown, in which the 
heating elements take the form of the well-known Silit 
rods—a_ Siemens-Nchuckert These rods are 
characterised by especially uniform heating and long life. 

One of the most important advantages of electric furnaces 


product. 


as against other types is the ease with which temperatures 
may be automatically controlled. The furnaces at Kelham 
island were fitted with automatic control, making use of the 
new Z-type temperature regulator, an inexpensive instru- 
ment, which will maintain a temperature of 800° C. constant 
within a tolerance of only plus or minus 5° C, 
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British Iron and Steel 
Manufacturers Embarassed 


RITISH steel output in April totalled 991,500 tons, 

a new high record. This output compares with 

980,100 tons in March, the previous record, and 
949,600 tons in March, 1927, immediately after the coal 
strike, when heavy arrears of orders were being worked off. 
By comparison the total output of April last year was 
808,700 tons. A very slight reduction in the output of pig 
iron to 629,800 tons, as compared with 633,700 tons in 
March, is shown, but this is substantiaily larger than the 
output in April last year, which was 526,300 tons. 

These figures are very encouraging and show that the 
efforts so far made to restore the iron and steel industry 
are bearing fruit, but they also show that the improvement 
in industry generally is very real, in fact, so persistent are 
the demands for iron and steel, from all the consuming 


trades, that manufacturers, whose immediate resources of 


production are now fully occupied, are embarrassed. In 
the production of steel, for instance, re-rollers, despite 
imports of Continental material, are not getting all they 
claim to need, while the pressure for structural steel is very 
acute. Shipbuilders, too, are taking out larger tonnages, 
and in view of the very definite progress in this industry 
the demand for steel is likely to grow. 

The improvement in the shipbuilding industry is 
especially important in view of the long depression it has 
experienced. All the shipbuilding centres are participating 
in the recovery, notably the Clyde and the North East 
Coast. On the Clyde, for instance, about 60°%, of the 
available berths have ships under construction, nearly 


double that at the beginning of the year. In the returns of 


Lloyds Register for the first quarter, the merchant shipping 
under construction on the Clyde at the end of March 
amounted to about 400,000 tons; since then, however, 
substantial additions have been made and orders for over 
40,000 tons of new vessels have been received. It is many 
years since the Clyde showed such signs of activity. On 
the North East Coast the merchant vessels under construc- 
tion or on order have been more than doubled in a twelve 
month, and the tonnage now building amounts to over 
250,000 tons. On the Mersey, too, and at Barrow, substan- 
tial progress is in evidence, the vessels under construction 
and on order showing considerable improvement. Particular 
mention has been made of merchant vessels ; in addition 
to these, of course, are the orders issued by the Admiralty 
which have been distributed in the various centres. With 
continued improvement in international trade further 
progress of the shipbuilding industry may be expected, 
and the prospects of a sister ship to the Queen Mary are 
not so remote as some people imagine, since tenders are 
being prepared for such a vessel by four of the largest ship- 
building concerns. 

That the prospects of the shipbuilder are very much 
brighter than a year ago is generally appreciated, but this 
is only one of the industries that makes an early demand 
upon the iron and steel manufacturer before much progress 
can be made; progress in electrical and constructional 
engineering are two important industries which are sup- 


plementing the demand. The continued electrification of 


industry is providing a good deal of work for electrical 
engineers, Contracts are in hand for both home and abroad 
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which will keep the main works busy for some time to 
come. The same may be said of constructional engineering, 
while large demands on the iron and steel manufacturer 
are made by the railways and the automobile industry, 
which are developing quite rapidly in view of the improved 
conditions. 

In the iron and steel industry efforts continue to be 
concentrated on endeavours to secure maximura output 
and in some plants records are being established almost 
every day, but acute shortage exists in certain sections 
and consumers are unable to obtain their full deliveries. 
This is particularly true of foundry pig iron and pressure is 
being exercised to increase home deliveries at the expense 
of export trade. 

Foundries are undoubtedly needing larger quantities of 
pig iron in order to cope with the demand for their products, 
yet in some districts the production of foundry pig iron is 
almost negligible and consumers who usually obtain their 
supplies from these districts are finding it extremely 
difficult or impossible to obtain supplies from other districts. 
It is noteworthy also that the demand for hematite is 
growing and deliveries are becoming very difficult to obtain. 
In view of the heavy demand for pig iron it is not surprising 
that the production capacity of plants is severely taxed. 

To cope with the requirements of iron and steel further 
developments are in progress or are contemplated. Probably 
one of the biggest schemes is that undertaken by the South 
Durham Steel and Iron Co., Ltd., and the Cargo Fleet Iron 
Co. This project, estimated to cost about £1,000,000, 
includes a new battery of Kogag coke ovens which are to be 
built near the blast furnaces at West Hartlepool by Messrs. 
Gibbons Bros., Ltd., of Dudley and Middlesbrough. Two 
blast-furnaces are also to be reconstructed and restarted 
at Seaton Carew. Another large coke and by-product plant 
is in course of erection near Wombwell, Barnsley. An 
extensive new coke-oven plant has been put into op-ration 
at the Govan ironworks of Messrs. William Dixon. A 
scheme is under consideration for restarting Jarrow steel- 
works, and negotiations are in progress. A blast furnace 
has been restarted at the works of the Renishaw Iron Co. 

Considerable interest is attached to the plans proposed 
for remodelling the Ebbw Vale Steelworks. It is proposed 
to reconstruct the blast furnaces, and perhaps build an 
additional furnace, to rebuild the basic Bessemer melting 
giving it a capacity of approximately 12,000 tons 
per week—and a duplex open-hearth shop of similar 
capacity. The new works of Messrs. Guest Keen Baldwins 
Iron and Steel Co., when in full working order, will 
materially assist in meeting the demand for more steel, 
while the extension of working hours granted to Colvilles, 
Ltd., at their Dalzell Steelworks, will enable this firm to 
increase its output to meet commitments. Developments 
are contemplated by Messrs, John Lysaght, Ltd. The 
proposal is for the erection of a new continuous mill at their 
Normanby Park Works, and it is announced that the firm 
contemplate putting down a cold-rolling plant at Newport. 

It is only possible to refer briefly to a few developments 
contemplated, but iron and steel manufacturers are over- 
whelmed with orders, and future activity is assured for a 
considerable time ahead. It seems, therefore, that the 
iron and steel industry has made a great recovery, and is 
on the road to prosperity; the position seems to be 
quite sound and further production records may be 
confidently expected. 


shop 
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Trained Metallurgists in Demand 
By Professor J. H. Andrew, D.Sc. 


HE dearth of trained metallurgists at the present 
time is becoming a serious factor in industry. In 
the scientific developments now being 
entered upon by all the large iron and steel and non- 
ferrous concerns in general, the call for University-trained 
metallurgists is becoming increasingly apparent. In dis- 
cussing this matter with my professional colleagues, it is 
evident that the lack of the supply of trained men is 
universal. It might be of interest to note that 11 graduates 
and associates of Sheffield University were all placed in 
remunerative positions during the last session, and since 
that time it would have been possible for me to have placed 
a further 15 graduates, had such a number been available. 

Metallurgy as a profession offers excellent prospects to 
the man who is prepared to study the subject seriously 
and take a university degree, and those parents who can 
afford to their sons to universities would be well 
advised to the metallurgy as a 


view of 


send 
consider prospects of 
profession 

Metallurgy, being of such an extraordinarily wide scope, 
and covering such a wide field, is of interest second to 
none, and the very fact that metallurgy may now be re- 
garded as advanced physical offers excellent 
prospects to the physical chemist and to physicists who 
are prepared to extend their studies by a further course in 
metallurgical science. 

The foundry trade in particular is demanding trained 
men, and with a view to providing these, a special degree 
in foundry science has been instituted at the University 
of Sheffield. It is hoped that men will take advantage of 
this and prepare themselves for a career which offers such 


science, 


great possibilities. 


The Heat-treatment of Magnuminium 
Alloys 

In addition to raising the ultimate stress figure and 
elastic limit, the heat-treatment of magnuminium alloys 
vives a definite increase in reliability and homogeneity of 
castings. The mechanism of the heat-treatment relies 
upon the increase in solubility of aluminium in magnesium 
with rise in temperature. The solid solubility of aluminium 
in magnesium has been found by Shiro Ishida to increase 


from 5°,, at room temperature to about 13°, at the eutectic 
temperature. After solution treatment for 16 hours at 
120° C., all the aluminium is taken into solid solution, and 


a typical solid solution structure is obtained. In subsequent 
age-hardening at [80-200 °C. for 16 hours, the super- 
saturated solution attains equilibrium by precipitation 
by the Mg,Al, compound in a fine eutectic form at the 
yrain boundaries. The increased properties result from 
the presence of this fine eutectic in the place of the large 
Mg-Al inclusion and an increase in the aluminium content 
of the solid solution grains, the equilibrium figure not 
being obtained under ordinary casting conditions owing 
to the coring of the crystels 

Solution treatment is best conducted in a salt bath, as 
heating in air leads to severe oxidation from burning of 
the surface to an appreciable depth, and to sagging of the 
heavier unsupported parts of the casting For these 
reasons higher temperatures can be used in salt baths with 
greater safety, the salts available being mixtures of alkaline 
nitrates and fluorides or chromates, or dichromates, the 
melting point and specific gravity of the bath being 
adjusted to give low temperature for the introduction of 
the casting, and maximum support to the casting when at 
temperature (Fused nitrates alone must not be used, 
owing to the violent reaction when in contact with magne- 
sium at the heat-treatment temperature.) It is not neces- 
sary to quench the castings, as air cooling is sufficiently 
rapid to retain the solid solution. Precipitation hardening 
may be done in a gas-fired or electrically heated muffle, 
the casting being cooled in air. 
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British Railways’ Wagon Control 
D URING the course of twelve months, the four Main 


Line Railways transport more than 260,000,000 

tons of freight traffic, which is equivalent to 
approximately six tons per head of the population ; 600,000 
railway-owned wagons, in addition to a large number of 
privately-owned vehicles, are constantly in service ; over 
30,000,000 loaded journeys are made annually, and the 
distances covered by freight trains in a year aggregate 
129,000,000 miles. 

To a large extent the wagon resources of the railways 
are now pooled, to the mutual benefit of both traders and 
the individual railway companies. In addition, organised 
methods of controlling the movements of wagons enable 
the railways to anticipate probable traffics over wide 
areas, by concentrating empty wagons at points convenient 
to traders, to comply with short notice orders and to 
obtain the maximum use of the available wagon stock, 
thus minimising waste empty haulage. 

Railway wagon control is an essential feature of efficient 
freight-train working, and ensures that wagons of the types 
and numbers required to meet traffic needs are supplied 
promptly, not only to the loading points, at goods stations 
and depots, but also to the numerous private sidings 
connected with industrial undertakings and at collieries, 
docks and harbours. 

Close contacts are maintained with traders in all cases 
where traffic is expected to move, and the local station- 
masters, agents and railway staffs provide additional 
means of contact, enabling the necessary arrangements to 
be quickly focussed upon the Central Wagon Control. 
Demands and advices from railway stations, districts and 
divisions are thus concentrated at all hours of the day and 
night. At stipulated times each day the position is reviewed 
and estimates compiled of the number of each type of 
wagon expected to be needed to meet the requirements of 
traders the next day, including, of course, special types of 
trucks, such as bolster, cattle, meat, insulated or other 
exceptional vehicles. In addition, reports are obtained of 
the number of wagons likely to be unloaded, and this is 
taken into account in meeting the next day’s loading 
requirements. 

There are other types of vehicles for which a more 
specialised and individual system of control is necessary. 
These include wagons designed for the carriage of heavy 
stators, stern frames, propellers, castings, boilers, trans- 
formers, girders, steel plates, excavators, farm implements, 
ete., and also high-capacity wagons for bricks and iron and 
steel. Card-index systems provide complete records of the 
movements of exceptional wagons. 

This highly developed and_ specialised organisation 
enables wagon supplies to be adjusted between different 
localities, necessitating the running of many empty wagon 
trains so that the type and number of vehicles are available 
at each point for loading the next day. 

A close watch is also kept by the control offices upon 
varying conditions in different areas, such as “ vessels 
delayed owing to gales,” unexpected orders, or a larger 
number of wagons becoming available than has been 
foreseen ; such altered circumstances are met by the 
adjustment of wagon supplies. 

With demands varying from hour to hour on account of 
traffic fluctuations and an increasing variety of freight 
rolling stock being available for all separate purposes, the 
Railway Wagon Control is the nerve centre of transport, 
ever ready to deal with any emergency, whether it be a 
visitation of fog, frost, floods or snow, a bumper crop of 
produce from an agricultural area, or a series of contracts 
or urgent orders from a factory or steelworks. 


Murex Welding Processes, Ltd., Ferry Lane Works, Forest 
Road, Walthamstow, London, E. 17, have recently issued a 
publication entitled ** Running and Maintenance Instructions 
for * B.P.F. Type Welding Dynamo,” and all interested in 
this patented dynamo should obtain a copy. 
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Annealing 
their Heating 


By 
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Furnaces an 
Elements 


Dr. W. ROHN and JOHN E. W. GINGER, D.F.H., A.M.I.E.E., V.D.1. 


In the successful operation of electric heat-treatment furnaces the heating elements 


are of primary importance. 


In this article the authors discuss various heating 


element alloys, and factors which influence the useful life of the heating elements. 


LECTRIC annealing furnaces can be classified 
into five groups, according to the prevailing 


annealing temperature* :— 

1. Temperatures up to 750° C. 
Temperatures from 750° C.-900° C. 
Temperatures from 900° C.—1050° C. 
Temperatures from 1050° C.-1200° C. 
Temperatures from 1200° C.-1350° C. 


* 
- 


tm Oot 


~ 


These temperatures are those of the charge under 
treatment, the actual temperatures of the elements being 
some 50-100° C. higher, depending on the design of the 
furnace. 

For the actual heating-element temperatures under 
800° C. an alloy consisting of 15-20°,, chromium, 20-30°, 
nickel, and the remainder iron, is suitable, whilst for 
temperatures up to 950°C. a ferro-chrome nickel alloy 
containing 15-20°, chromium, 10-20°, iron, and the 
remainder nickel is usually employed. For temperatures 
from 950-1,100° C., an alloy free from iron is adopted, 
with a composition of approximately 20°, chromium and 
80°,, nickel of this alloy is now manufactured according to 
a special process, and its maximum operating temperature 
can be raised from 50°C. For temperatures from 1,100- 
1,250° C. an alloy has been developed consisting of 20-30°, 
chromium, 4-6°, aluminium, a little silicon, and the 
remainder iron. For temperatures between 1,250° C. and 
1,400° C., 1,450° C. at the outside, ceramic heating elements 
consisting of silicon carbide are available in place of metallic 
elements. 

Heating elements in the first group mentioned above, 
operating in a properly-constructed furnace at temperatures 
up to 1,000° C., may be expected to last for 20,000 working 
hours per set. The less frequently the furnace is run at 
maximum temperature, so much longer is the life obtainable 
from the elements. The conditions under which the 
furnace is operated have an important influence on the 
useful life of the heating elements, and two factors in 
particular are of decisive importance. These are :— 

The Furnace Atmosphere.—The heating elements give 
the maximum service in a purely oxidising atmosphere— 
i.e., ordinary air. The presence of water vapour is not 
harmful. Atmospheres with a carbon content, as for 
example, in case-hardening furnaces, have a detericrating 
effect on metallic heating elements, so that case-hardening 
should always be carried out in well-sealed boxes, or, 
alternatively, the air in the furnace changed sufficiently 
often to prevent the accumulation of a carburising atmos- 
phere around the heating elements. Sulphur in the furnace 
is particularly harmful to heating elements, especially at 
temperatures in the neighbourhood of 1,100° C. 

Experience gained over many years indicates that 45°, 
of all premature heating-element failures in groups | to 3 
are traceable to the effects of sulphur. 
heating elements fail on account of overloading brought 
about by inadequate dimensioning, undue screening 
(insufficient radiation facilities) or operating at excessive 
temperatures due to faulty regulation. This overloading 
is often so severe that the core of the resistance wire 


*Elektrowaerme, Jan., 1936. 


A further 50°, of 





Electric furnace with spiral heating elements of round section 
nickel-chromium wire. 


melts, allowing the outer layers to collapse ; at other points 
it gives rise to surface growths. The resulting irregularity 
of cross-section naturally leads to overloading at the points 
of reduced area, and to premature burning-out of the over- 
loaded element. 

Only approximately 5°, of untimely failures can be 
attributed to causes other than those mentioned. 

Temperature Fluctuations.—lt is interesting to note that 
a heating element which is maintained at its correct working 
temperature in a properly constructed furnace, free from 
malignant influences, has an almost unlimited useful life. 
This life, however, is shortened in proportion to the number 
of times the element is reheated from cold, or changed from 
one temperature to another. It follows, therefore, that a 
system of temperature regulation, which has the effect of 
increasing or decreasing the current flowing through the 
heating elements, is preferable to one by which the whole 
load is switched on and off the mains. A noticeable im- 
provement in the life of the elements of a three-phase 
furnace is obtained by arranging star-delta control, instead 
of the more customary on-and-off switching. 

The operation of the average electric furnace for metal 
annealing is such that a charge is brought to the required 
temperature in some two to three hours, and allowed to 
remain a further hour or so at constant temperature to 
ensure proper soaking. These periods are naturally widely 
variable in accordance with individual requirements. The 
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heating elements of a good furnace operated in this way 
can be expected to last 20,000 hours. In the case of a furnace 
operating continuously with a succession of new charges, 
as, for example, an enamelling furnace into which a new 
charge is inserted every 6-10 mins., the heating elements 
are subject to considerable temperature fluctuations, so 
that their life may be reduced to between 4,000 and 
10,000. hrs. 

The best conditions for the heating elements obtain in 
continuous furnaces in which the length is subdivided into 
several sections, each section being maintained at a sub- 
stantially constant temperature. The charge is passed 
through the furnace by means of an appropriate conveyer 
system. In well-designed furnaces of this type, used for 
annealing metal parts, or for vitreous enamelling at tem- 
peratures up to 1,000-1,050° C., the heating elements have 
given between 40,000 and 50,000 hrs. service. It must be 
emphasized, however, that these figures would probably 
not have been obtained but for the intelligent and accurate 
operation of the plant. 


Design of the Heating Elements 

It is important that the heating elements be adequately 
dimensioned. If, for example, by doubling the amount 
of chrome-nickel in a given set of heating elements, it is 
possible to reduce their final temperature over and above 
that of the charge from 100 to 50° C., their useful life can 
be increased by between 20 to 5O”,.. It is therefore a good 
general rule always to dimension the heating elements as 
generously as possible 

The cross-section of the elements should not be too small, 
and it is preferable to insert a step-down transformer, and 
operate at a lower voltage, than to limit the cross-section. 
(The use of a lower voltage is preferable for two other 
reasons ; firstly, the danger of shock to the operatives of 
short-circuits is appreciably reduced, and, secondly, the 
effects of eddy currents and electrolytic phenomena, both 
of which tend to limit the life of the elements, are con- 
siderably diminished.) 

Fundamentally, however, the main reason for maintain- 


ing the largest possible cross-section, is that diminution of 


cross-section due to oxidation of a heating element is 
proportional to its surface area. The ratio of surface to 
cross-section becomes less favourable in this respect, as 
the cross-section decreases. This means that the percentage 
diminution in weight of the element consequent upon 
oxidation at a given temperature, and over a given period 
is relatively greater in the case ef wires of small cross- 
section whose useful life is therefore relatively shorter. 
For this reason strip elements should be as thick as possible, 
(The ratio of surface to cross-sectional area is most favour- 
able to the life of the heating element when this consists 
of wire of circular cross-section; in the case of strip, 
however, the ratio becomes less favourable as the thickness 
decreases. ) 

Strip elements operating at 1,000°C. should not be less 
than 1.5mm. thick, and if required for 1,100-1,150° C., 
not less than 2.5 to 3mm. thick. 


The Chromium-Aluminium-Iron Alloys 

The above remarks apply only to nickel-chromium 
elements with the addition of iron for temperatures up to 
woo C., and without iron between this temperature and 
about 1,100°C 

For furnace temperetures above 1,150) C.—i.e., heating 
element temperatures above 1,200°C., nickel-chromium 
alloys are no longer suitable. Alloys of chromium-aluminium 
and iron have been developed for temperatures between 
1.100 and 1,.250° C., and differ from the nickel-chromium 
elements in two important respects : 

(a) At operating temperature, elements constructed of 
the new material are less rigid than equivalent nickel- 
chromium elements, firstly, on account of the higher 


operating temperature, and secondly, on account of the 
poor creep-limit of the new alloy, compared with nickel- 
chromium. The ratio of 1:6 between wire diameter and 
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coil diameter which may be adopted with nickel-chromium 
elements is no longer permissible with elements of chromium- 
aluminium-iron. The optimum ratio in this case is 1 : 2-5 
to maximum |: 3-5, as otherwise the elements tend to 
collapse in operation. When strip elements are used the 
distance between the supports should be reduced to one- 
half to one-third of the equivalent distance with nickel- 
chromium elements. This usually necessitates redesigning 
the furnace, so that it is preferable to retain nickel-chromium 
elements, unless the higher temperatures are absolutely 
essential, 

Nickel-chromium elements remain ductile over long 
periods of service, so that after 10,000 working hours nickel- 
chromium wire can frequently be bent backwards and 
forwards through 90° (with a radius five times that of the 
wire diameter), several times without fracture. 

Chromium-aluminium-iron elements on the other hand, 
after being run at high temperatures for a few hours, 
become brittle when cold, and are readily shattered. 
Consequently, they require much more frequent repair 
and renewal than nickel-chromium elements, due to 
mechanical damage rather than to deterioration. 

(b) At temperatures below 950° C. a dark oxide forms 
on the surface of chromium-aluminium-iron alloys, which 
contains a large proportion of iron oxides, and consequently 
does not offer any appreciable protection to the element. 
As the temperature rises—-at a temperature between 950 
and 1,100° C.—the iron oxide content of the general oxide 
coating of the element decreases, but at the same time the 
proportion of chromium-oxide and aluminium-oxide in- 
creases. Above 1,100°C. an oxide, containing over 50°; 
Al,0, begins to form, this coating possessing excellent 
heat-resisting properties, especially as the iron-oxide 
content falls to a very small percentage. It is advisable, 
therefore, in cases where chromium-aluminium-iron heating 
elements are employed at a low or medium temperature, to 
run the furnace at high temperature for a preliminary 
period in order to ensure the formation of a protective oxide 
coating with the minimum iron-oxide content. This coating 
will be found to be more satisfactorily adherent if the 
elements are kept free from rust. By carefully observing 
these points, chromium-aluminium-iron heating elements 
can be operated satisfactorily at low temperatures, although 
the'r most useful field of application is at temperatures 
above 1,100° C., for which nickel-chromium alloys are not 
suitable. (As already mentioned, these temperatures are 


the actual annealing temperatures. The temperature of 


the heating elements is always some 50°-100° C. higher, 
depending on the design of the furnace.) 


Ceramic Heating Elements 

For temperatures above 1,250°C. and up to about 
1,450 C., the only practicable heating elements are ceramic 
rods made of silicon-carbide. Unfortunately, however, 
these rods are mechanically fragile, and are subject to 
variations in electrical resistance with increasing age. 
It is therefore necessary to provide a tapped transformer 
and appropriate switchgear to compensate for these 
variations. When a new rod is inserted, allowance must 
also be made for the condition of the other rods in the same 
circuit. In many instances, it is necessary to replace them 
all when a single rod breaks or exhibits excessive changes 
in resistance. 

Electrical connection can only be made to silicon- 
carbide rods at points of low temperature, so that the ends 
of the rods are usually arranged to project out of the 
furnace where they can be connected up in a comparatively 
cool position. For this reason the energy consumption of 
a furnace with silicon-carbide heating elements is roughly 
6-10°,, greater than that of an otherwise exactly equivalent 
furnace with nickel-chromium elements. 

Thus, both from technical and economic viewpoints 
ceramic heating elements should only be employed when 
the required temperature can no longer be reliably obtained 
by the use of nickel-chromium elements. This conclusion 
is amply substantiated by the following considerations :— 
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Electric annealing furnace with nickel-chromium strip heating 
elements. 


An Examination of Costs 

It is reasonable to take 1-4 Ib. as being the approximate 
weight of heating element per kw. of the furnace loading. 
The cost of this material varies between 5s. and 7s. 6d. 
per Ib. (It has been established that a 40°, increase in 
expenditure on the heating elements results roughly in a 
100°,, increase in their useful life.) 

If the average life of a set of heating elements be taken 
as 20,000 hrs., and the cost of current as round 4d. a unit, 
it will be appreciated that 2 lb. of the resistance material 
(equivalent to 1 kw. of the nominal loading), costing 12s. 
will (at an average load factor of 50°,, due to temperature 
regulation) consume a total of round £15 worth of current 
during this period. This result serves to indicate that a 
6-10°,, reduction in the thermal efficiency of a furnace 
results in extra energy consumption, equivalent to several 
times the cost of the heating element. 

Silicon-carbide elements can be manufactured from 
home-produced raw materials, whereas  chromium- 
aluminium-iron elements involve the use of imported ore 
or metal. On the other hand, scrap nickel-chromium 
elements can be re-formed into new elements by the use 
of the vacuum melting process. In this way a greater 
economy is possible than in the case of chromium- 
aluminium-iron alloys with which recovery is more difficult. 
Furthermore, scrap nickel-chromium heating elements can 
be very successfully employed in the manufacture of alloy 
steel. 

Whether viewed from a technical or an economic stand- 
point, it would appear that nickel-chromium heating 
elements are always preferable to any other types, and 
should therefore be employed wherever possible. Only 
where an extended temperature range is absolutely essential 
can chromium-aluminium-iron alloys or ceramic ‘rods 
economically be substituted for nickel-chromium. 

The foregoing applies more particularly to electric 
annealing furnaces. It is, nevertheless, possible in certain 
cases to utilise chromium-aluminium-iron alloys for 
domestic equipment, such as hot-plates. At the same time, 
it must not be forgotten that the grain-growth is greater 
than with nickel-chromium, so that a chromium-aluminium- 
iron element is brittle and more liable to damage when cold. 
It is, nevertheless, possible to make use of this material to 
considerable advantage in high-speed hotplates, where the 
prevailing temperatures tend to exceed the safe range for 
nickel-chromium. Due consideration must, however, be 
given to its physical peculiarities, and appropriate measures 
taken to ensure its being operated under optimum con- 
ditions. It is important, for example, that an adequate 
protective coating be formed at the outset, and that the 
surface be kept free from rust. 

Special care should be given to the design and manu- 
facture of the heating elements for household electrical 
equipment. When it is considered that in an ordinary 
electric iron costing, say, 2s. to produce, the value of the 
nickel-chromium is only approximately Id., it will be 
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readily appreciated that a reduction in the latter would 
represent very little saving, but might reduce the life of the 
iron by 50®,. The resulting loss in scrapping the remainder 
of the iron is out of all proportion to the saving in nickel- 
chromium, and would represent an enormous economic 
wastage. 


Canadians Invading the North-West 
Territories 

THE spring of 1936 is likely to go down in history as one 
of the most important in the prospecting and development 
of the north-west territories of Canada. For decades it has 
been known that huge minera! deposits existed in those 
little-charted areas, and a number of highly-prospering 
efforts have already been made to penetrate to rich lodes. 
Year by year the value of the metals won has been increas- 
ing, while the radium deposits on Great Bear Lake are 
adding an important quota. 

Now, however, under the inspiration of the Hon. T. A. 
Crerar, Minister of Interior, preparations are being made by 
numerous interests for the carrying out of an intensive 
prospecting programme, notably in the Yellowknife area 
and on the north and south shores of Great Slave Lake. 
In 1935, as part of the geological field programme carried 
out by the Department of Mines, 10,000 square miles were 
examined in areas overlapping those now being covered, 
and this summer the discoveries they have made will be 
further exploited. 

One concern has already sunk a shaft in the mining 
division of the Yellowknife : another holds 18 claims on an 
island in the lake ; a third has 120 claims in the vicinity 
of Pine Point—how euphonious these northern names 
sound—while other concerns have staked out anything from 
18 to 162 plots. When it is considered that each mine will 
require its workers, its homes and its amenities of life, one 
can appreciate the part which mineral exploitation is 
playing in the opening-up of Canada and the rolling north- 
ward of the area of settlement and civilisation. 


Cadmium in Canada 

Cadmium may be classed as one of a few metals, the 
consumers of which, rather than the producers, are con- 
cerned as to the supply. A by-product in the production 
of zine and in some cases of lead, cadmium has been pro- 
duced experimentally for close on half a century, but its 
commercial uses were greatly restricted until a few years 
ago, when new uses were developed and its former field of 
use was greatly extended. The sharp price rise in January 
and the rapid increase in the use of the metal has focused 
attention on the Canadian situation. Interest has been 
heightened aiso by the announcement that Hudson Bay 
Mining and Smelting Co., Ltd., the largest metal mining 
enterprise in the Mid-West, recently commenced the pro- 
duction of cadmium metal from its newly-erected recovery 
plant at Flin Flon, Manitoba. Production of cadmium 
in Canada however, dates back to 1928, when the Consoli- 
dated Mining and Smelting Company recorded its first 
output of the metal from its Tadanac plant, near Trail, 
British Columbia. Both companies obtain their cadmium 
output from the treatment of their zinc refinery residues. 
They are the only enterprises producing the metal in 
Canada. 

The increase in the demand for cadmium during the 
past two years is due mainly to its use in plating metal 
for rust proofing, and to its rapidly increasing use in the 
production of bearing alloys for the motor industry. The 
use of cadmium copper alloy for tramway and railway- 
trolley wires is also increasing, and the use of the alloy 
is being extended for overhead telephone and telegraph 
lines; for flexible telephone cords and similar cables ; 
and for the electrodes of electric-welding machines. A 
copper-cadmium alloy, containing from 0-8°% to 1-0% 
cadmium is being introduced for long-span, high-voltage, 
transmission lines. The metal also finds application in 
the arts, medicine, and in the dyeing industry. 
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The Escape of Electricity from Metals: Its 
Practical Consequences 


A new outlook for electrical engineering was 


provided in 1897 when it was shown that the 


passage of electricity through space between metal and metal could be controlled and the 


current increased or decreased in amount. 


The subject was discussed in the twenty-sixth 


May Lecture of the Institute of Metals, a summary of which is given in this article. 


HE effect which the liberation of the electron from 

metals has had on the trend of electrical engineering 

during the past 20 years was traced by Mr. C. C. 
Paterson, O.B.E., in the twenty-sixth May Lecture recently 
delivered before the Institute of Metals. Dealing with the 
subject as an electrical engineer, Mr. Paterson said that 
the great factor which has given a new outlook to electrical 
engineering is the escape of electricity from the metals 
which used to hold it prisoner. From the great discovery 
of Faraday in 1831 to that of J. J. Thomson in 1897, 
electrical engineering handled and controlled electricity 
in metal conductors. Except in are lamps, electricity 
was rigidly confined to these conductors, which are now 
realised to have a most limiting effect on its mobility. 
The idea that the escape of electricity could portend any- 
thing but disaster scarcely occurred to engineers right up 
to the War period ; in fact the metallurgist and the engineer 
conspired together to perpetuate this pedestrian state of 
things. As has so often been the case, however, the phy- 
sicists had the vision and nursed the new art until a race of 
engineers grew up who could learn from them, and weld 
the new engineering to the old, To this school of engineers 
the key to the position is that part of an electric circuit 
in which such conditions are brought about as enable 
electricity — still under strict control—to leave the metal 
which has held it prisoner, and follow a path through 
vacuum, gas, or vapour to rejoin the metal circuit again 
at a predetermined point. 

It is during the passage of the electricity through the 
space between metal and metal that a control can be 
exerted which enables the current to be increased or de- 
creased in amount at the rate of millions of times per second. 
It can be reversed or stopped equally quickly. It can be 
modulated automatically in the most complicated ways, 
and no limit is set to the amount of electrical energy which 
can be so controlled, Whilst the agency which imposes 
this control on the stream is usually itself electrical, it is 
possible to make light from an ordinary lamp, or magnetism, 
the controlling agency. 

It was J. J. Thomson who first taught us to think in 
terms of free electrons. In the new electrical engineering, 
knowledge of the electron and its properties gives a reality 
to our problems and precision to their solution, for, owing 
to its small mass, we can understand its almost inertia-less 
behaviour. If, however, we are too exacting in our demands 
for speed of oscillation we come to a point at which the 
actual inertia of the electrons plays a part. Apparatus 
has been evolved which user the inertia of the electrons 
themselves to produce oscillations which have a frequency 
of over three thousand million per second. The waves 
produced by such oscillations can be reflected much as 
light is reflected from a motor headlight. We place a small 
aerial a few inches long in the focus of a reflector to project 
a wireless beam across distances of a few miles. This can 
be done with relatively simple and compact apparatus, 

Whilst there are now innumerable devices for creating 
and handling free electron streams, they mainly depend 
for liberating the electrons on two procedures. In the 
one, a portion of the circuit—such as a filament (electrode) 
in a valve-—is heated to such a temperature that electrons 
emerge freely from it and dart across to another electrode 
by virtue of the electrical potential between them. The 
electrons may be considered as leaking out of such a hot 
metal surface, much as water leaks out from a porous 
rubber tube. The porosity of the filament, in this sense, 
can be greatly increased by coating it with suitable 


materials. The other procedure is used in photoelectric 
cells. Here the electrons are freed from a specially sensitised 
cold surface of, say, ca#sium or other materials, which have 
the property of freeing electrons when light falls on them— 
and only then. They also are capable of acting extremely 
rapidly, so that the instantaneous fluctuations of the light 
impinging on the sensitive surface are reproduced faithfully 
in the electron stream. 

This new electrical engineering would scarcely have come 
into being had it not been for the fact that so much of 
what we see and hear consists of extremely rapid happen- 
ings. This is illustrated by the sound of speech or music as 
appreciated by the ear. ‘The characteristic tones of voice 
or instrument owe their particular timbre to minute high- 
speed fluctuations and pulses to which the ear is sensitive 
although we ourselves are entirely unconscious of the 
extraordinary task which our ear is performing. Such 
rapid fluctuations can only be repreduced by the movement 
of electrons. 

The precision of control of liberated electrons can be 


appreciated by amplifying the electrical reproduction of 


speech or music pulses and transmitting them to a distance 
through the instrumentality of a beam of light from a 
source which has been modulated by such amplified pulses. 
This beam can be received on a photocell and, after ampli- 
fication, can operate a loud speaker. From this one can 
realise the measure of accuracy of reproduction achieved 
in four conversions and reconversions, and nine operations 
of amplification.* 

Electric lighting is the second great field in which the 
escape of electricity from metals is leading to revolutionary 
results. Until a few years ago the electric-lighting engineer 
had as his instrument of lighting little more than the electric 
filament lamp. In this kind of electric lamp when electrons 
escape from the metal filament they tend to harm the lamp, 
and it is necessary to take every precaution to keep them 
within the filament. If on the other hand the conditions 
are arranged so as to facilitate the escape of the electrons 
and to guide their passage through suitable gases and 
vapours or mixtures thereof, the century-old phenomenon 
of electric discharge through gases is found to lead to a 
number of highly efficient lamps of varying forms. The 
fact that this old phenomenon is only now attaining a wide 
practical application is due to a fuller understanding of the 
physics of discharge phenomena and particularly of those 
in the neighbourhood of the metal or metallic oxide elec- 
trodes. A much more copious stream of electrons is pro- 
vided by the hot cathode. It is this abundant stream 
in its impacts with the gas and vapour molecules which 
gives the enhanced light. 

One of the disadvantages of using the radiation from 
excited gases and vapours for general lighting is that the 
hue of the light is seldom * white.” It is usually strongly 
coloured, Ways are being found to correct this by the use 
of coatings of luminescent powders on the walls of the glass 
tubes or envelopes. These powders can be so chosen as to 
supply the colours which are otherwise partly or entirely 
missing from the radiation. 

The colour and also the efficiency of certain lamps can 
be improved by using vapours at higher pressures—even 
up to 150 atm. for certain purposes. In these latter cases 
relatively high voltages are required to force the discharge 
through the closely packed cloud of vapour molecules 
which are present in tubes at such high pressures. 


rhese and other phenomena were illustrated experimentally by the lecturer, 
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Iron and Steel Institute 


Annual Meeting in London 


It was announced at the Annual Meeting that 

His Majesty King Edward Vill has been 

graciously pleased to grant his patronage to 
the Iron and Steel Institute. 


HE Annual Meeting of the [ron and Steel Institute 

was held at the Institution of Civil Engineers, Great 

George Street, Westminster, London, S8.W.1, on 
May 7 and 8. The President, Sir H. C. H. Carpenter, 
F.R.S., oceupied the chair at the business meeting. The 
proceedings commenced with the reading of correspondence, 
which informed members that His Majesty the King had 
granted his patronage to the Institute. The report of the 
Council was then presented and accepted. 

In presenting the statement of accounts, Mr. James 
Henderson (Hon. Treasurer), referring to reduced income, 
stated that the Institute must look to a continuance of 
special subscriptions to assist it in its work. The Council 
did not overlook the fact that membership of the Institute 
was the best, soundest and surest source of income, and 
gave credit to Mr. Talbot for a suggestion whereby firms 
and companies giving special subscriptions had been invited 
to nominate members of their staffs for membership of the 
Institute, it being understood that the entrance fee and 
first year’s subscription of those members should be set 
against the special subscription. Thereafter, these members 
would be responsible for their own subscriptions. This 
scheme had already been responsible for about 100 new 
members, and it was hoped that such members would 
increase as time went on. 


Autumn Meeting in Dusseldorf 


The President mentioned the Autumn Meeting, which 
is to be held in Dusseldorf, at the invitation of the Verein 
Deutscher Eisenhiittenleute, on behalf of the German iron 
and steel industry. The date agreed upon was from 
September 20 to 27 inclusive, with an extension to Septem- 
ber 30, for parties visiting certain other places. The Presi- 
dent introduced Dr. Petersen, who conveyed the official 
invitation to the members from the Verein Deutscher 
Kisenhiittenleute. 


Bessemer Gold Medal 


The highest honour the Institute can confer—the 
Bessemer Gold Medal—was awarded to Mr. Fred Clements. 
in making the presentation the President said Mr. Clements 
was a practical metallurgist, but not one of those so-called 
practical men who had no use for science. He had always 
realised and utilised the benefits which science could confer 
on industry and, indeed, he himself had made valuable 
contributions to the science of ferrous metallurgy. 

In accepting the award Mr. Clements said he felt quite 
unable to express adequately his appreciation of the great 
honour the Institute had conferred upon him. He felt 
proud of the fact that he had been deemed worthy te join 
the roll of Bessemer Medallists. Continuing, Mr. Clements 
spoke words of encouragement to the younger members 
and advised them that great fields remained to be in- 
vestigated, and at no time had there been the opportunities 
there were to-day in the iron and steel industry. 


Technical Sessions 


Following the business meeting technical sessions were 
held each day at which reports and papers were presented 
covering many fields of investigation, brief references to 
which is given in the following summaries. 


— 





The Influence of Light on the Electrode Potential and 
Corrosion Phenomena of Mild Steel 

Recently Messrs. C. O. Bannister and R. Rigby reviewed 
the literature on the influence of light on corrosion pheno- 
mena in the case of non-ferrous metals and published work 
indicating a marked effect on electrode potential in the 
case of certain metals and especially of zinc, lead and 
aluminium.! In this paper they review previous work 
on the effect of light on the corrosion of iron and steel, and 
describe work dealing with mild steel carried out on some- 
what similar lines to that on non-ferrous metals. For this 
work the apparatus used was similar to that described in 
previous work. This apparatus allowed of perfect control 
over the oxygen supply to the specimens under examination, 
the differences of potential between illuminated and non- 
illuminated specimens being registered by means of a 
thread recorder. Only slight differences are recorded in 
the absence of oxygen, but on aerating the electrode to be 
illuminated a marked response to illumination is shown. 
A record showing variations over four days is given ; 
during the first two days the illuminated electrode becomes 
more cathodic, and during the second two days it becomes 
more anodic. The probable mechanism of the reactions 
is given, and a short comparison of the results with those 
obtained in the case of certain non-ferrous metals is added. 


Internal Stresses and Their Effect on the Fatigue 
Resistance of Spring Steels 

The paper by Messrs. M. L. Becker and C. E. Phillips 
describes an investigation carried out with the object of 
determining whether internal appreciable 
magnitude occur near the surface of heat-treated steels, 
and, if so, whether such stresses affect the fatigue properties. 
Preliminary experiments having indicaicd that high com- 
pressive stresses may be induced by suitable heat-treatment, 
attempts have been made to apply such treatments to 
rolled, unmachined spring steel plates, with the object of 
improving their fatigue resistance. This work is part of a 
comprehensive investigation carried out at the National 
Physical Laboratory on the effects of surface conditions 


stresses of 


1, Journal of the Institute of Metals, 1936, vol. 58 (Advance copy), 
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on the fatigue resistance of steels. Methods of improving 
the fatigue resistance of unmachined steels are also included 
in the programme. 

Preliminary internal stress measurements were carried 
out on a silico-manganese steel, a 0-6°,, carbon steel, and 
a 5%, nickel steel case-hardened. It was found that 
quenching from the tempering temperature induced com- 
pressive stresses near the surface of a spring plate. Fatigue 
tests were carried out on chromium-vanadium and low- 
chromium steels, with various conditions of surface, to 
determine the effect of such internal stresses. A few tests 
were carried out to determine the effect of scragging (7.e., 
giving a permanent deflection by controlled overloading) 
on the fatigue resistance of spring plates. 

The fatigue resistance of spring plates subjected to 


bending stresses can be improved by “ temper-stress- 
ing ”—7.e., quenching in water from the tempering tem- 


perature, and this improvement is considered to be due 
to the presence of compressive surface stresses, which 
cause a reduction in the tensile stress on the tension side 
of the plates, particularly at the roots of surface 
irregularities. The scragging of springs is beneficial to their 
fatigue resistance, and this again appears to be due to 
residual compressive stresses in the tension surfaces. 


Electrical Resistivity of Faraday Steels ; Gas Analysis 
and New Phenomena on Remelting in Radiation 
Furnace 

The work carried out and described in this paper is due 
to a suggestion made to Mr. Carl Benedicks by Sir Robert 
Hadfield, Bt.. F.R.S., who had devoted considerable 
attention to the examination of the steel specimens pre- 
pared by Faraday,? that it would be of interest to subject 
one of them to melting in the radiation furnace installed at 
the Metallographie Institute of Stockholm. Simultaneously 
a determination of the gas content was made and also the 
electrical resistivity of some of the specimens. 

The electrical resistivity of 18 small specimens was 
determined, using the Gallander principle. The accuracy 
of the determinations on suitable specimens amounted to 
about 1°... The effects of an insufficient thickness and 
surface of the specimen were examined, the resulting 
errors scarcely exceeding a few per cent. In three cases, 
where the resistivity had already been determined by other 
methods, the agreement was satisfactory. On the whole, 
the resistivities found agree fairly well with those calculated 
according to the author's formula, and somewhat better 
still when using individual coefficients for the different 
added elements in solid solution. It is noteworthy, how- 
ever, that the steels containing gold show unexpectedly 
high resistivities, while the rhodium steels in one specimen 
yield a very high and in the other a very low resistivity. 
The influence of platinum, previously unknown, has been 
found to correspond to 1 atomic °, of platinum increasing 
the resistivity by 7 microhms per em. per sq. em, 

One of the Faraday specimens was melted in the radiation 
furnace on two occasions, and the occluded gases were 
measured and analysed. In this connection a novel 
phenomenon, occurring with unilateral radiation, is 
described ; sharp corners in a solid, bright specimen under- 
going fusion show a remarkable resistance to melting, and 
give rise to sharp protruberances, elongated in the direction 
of the radiation, Another noteworthy phenomenon 
observed pertains to capillarity on heating in a high 
vacuum, pure iron does not wet the crucible, while carbon 
steel does, this difference being aque to a slight chemical 
reaction taking place in the latter case. 


A Study of the Influence of Varying Degrees of Cold- 

Rolling and Annealing Temperatures on the Pro- 
perties of Mild Steel Sheets 

It is generally known that the tendencies during the last 

few years in connection with the manufacture of steel sheets 


2, Sir Robert Hadfield, J*Milosophical Transactions, 1931, A, vol, 230, p. 221: 


“ Faraday and his Metallurgical Researches,” London, 1951 
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which are to be subsequently used for tinplate making or 
possibly motor-car body sheets, have been to develop the 
process of continuous hot-rolling and, after pickling, etc., 
to finish by continuous cold-rolling operations. The extent 
of cold-rolling under these conditions is rarely, if ever, less 
than that which corresponds to a reduction of thickness 
of 50°, or say, 100°, elongation. In view of these tenden- 
cies, it seemed desirable that a careful study of the influence 
of varying degrees of cold-rolling and subsequent annealing 
temperatures upon the mechanical properties and structure 
of mild steel should be made. The study of this subject 
is presented in two parts in this paper: Part I, by Dr. C. A. 
Edwards and Messrs. D. L. Phillips and W. H. E. Gullick, 
deals with the influence of cold-rolling and subsequent 
annealing temperatures on the Erichsen values and crystal 
structure of thin mild steel sheets: and Part II, by Dr. 
C. A. Edwards and Messrs. D. L. Phillips and C. R. Pipe, 
deals with the effects of varying degrees of cold-rolling and 
annealing temperatures on the properties of motor-car 
body sheets. 

In Part I the thickness of the material examined has 
been that which corresponds to what is known as ** common 
substance,” 
material have been used for this purpose, one relatively 
very low in sulphur and phosphorus, and another in which 
these elements were comparatively high. In each instance 
one set of experiments was made on material that had been 
annealed at temperatures below 900°C., prior to cold- 
rolling, and the other on material in which the preliminary 
annealing temperature was above 950°C. In this way it 
was possible to examine the effects which chemical com- 
position and initial crystal size have upon the critical 
degree of cold-rolling which produces coarse crystallisation 
after subsequent annealing. 

With very heavy degrees of cold-rolling complete re- 
crystallisation occurs on annealing at temperatures as low 
as 750° C., irrespective of the initial crystal size. Under 
these conditions of heavy cold-rolling and low-temperature 
annealing, better Erichsen values are obtained than by 
present-day commercial methods—i.e., when the sheets 
are almost completely hot-rolied to the desired thickness, 
and annealed in batches at temperatures below 900° C, 

Similar results can be obtained by subjecting hot-rolled 
unannealed sheets to about 10-15%, extension by cold- 
rolling, followed by low-temperature annealing. 

Part II represents an extension of the work done in 
Part 1, using thicker material, in which an attempt is made 
to correlate the effects of cold-rolling and annealing, the 
tensile properties, and crystal structure with the Erichsen 
values, and, further, to ascertain whether the tensile 
properties obtained after heavy cold-rolling and low- 
temperature annealing warrant the conclusion formed in 
Part 1, namely, that the drawing properties, after this 
treatment, should approach those obtained by full anneal- 
ing. 

The evidence seems to indicate clearly that, when com- 
plete recrystallisation occurs with low-temperature anneal- 
ing after heavy cold-rolling, the tensile properties are such 
as to lead to the view that the drawing qualities of the 
material should be about the same as those obtained after 
complete annealing at, say, 950° C, 

Unfortunately, it has not yet been possible to demonstrate 
whether this is the case or not. Before this can be done, it 
will be necessary to devise a more reliable method than the 


Erichsen cupping test to determine the drawing quality of 


sheet material. An attempt is now being made to devise 
a test for this purpose. 


The Embrittlement of High-Tensile Alloy Steels at 
Elevated Temperatures 

The premature failure of stressed components, such as 

flange studs and bolts on superheater and boiler pipe lines, 


is a difficulty experienced in the successful operation of 


plant operating at elevated temperatures, and this paper 


namely, 0-31 mm. thick. Two classes of 
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by Mr. W. E. Goodrich, records the results of an investiga- 
tion conducted on 27 high-tensile alloy steels, to ascertain 
some of the factors influencing the embrittlement of these 
steels, when subjected to a temperature of 450° C. Nickel 
chromium, chromium-molybdenum, nickel-molybdenum, 


chromium-tungsten-molybdenum, and several types of 


nickel-chromium-molybdenum steels were included in a 
number of tests covering a period of 2,400 hrs. Evidence 
was obtained on the effects of the presence of a maintained 


tensile stress during the soaking period ; of fluctuations of 


temperature ; and of initial heat-treatment and variations 
in chemical composition. Strainage-embrittlement tests 
were also carried out at 200°C. and 450°C. on samples 
subjected to initial permanent tensile strains varying 
within the limits 0 to 5-0%. Hardness and microstructural 
changes, resulting from the embrittlement treatments, were 
also examined. 

As a result of the evidence obtained, it was considered 
that a mildly alloyed chromium-molybdenum steel, contain- 
ing approximately 0-6°, chromium and 0-5°% molybdenum, 
was the most resistant to embrittlement : the use of the 
highest tempering temperature, consistent with the pro- 
duction of the required tensile strength, was an advantage : 
the presence of a maintained tensile stress of 11-0 tons per 
sq. in., or exposure to fluctuations of temperature below 
450° C., had no influence on the ultimate embrittlement 
produced by soaking at that temperature ; the amount 
of embrittlement was not sensibly influenced by the presence 
of initial permanent strain up to 5-0°% ; and that no changes 
in Brinell hardness or microstructure could be found to 
account for any embrittlement produced. 


Further Experiments on the Effect of Surface Con- 
ditions on the Fatigue Resistance of Steel 

In previous papers experimental evidence has been 
given of the great importance of surface conditions in 
affecting the fatigue resistance of heat-treated spring 
steels ; in particular it has been shown that surface de- 
carburisation is one very important factor, and that heat- 
treatments can be developed whereby surface decarburisa- 
tion, arising in the heat-treatment of machined spring steel 
plates, can be largely eliminated, but since nearly all rolled 
spring plates are already decarburised at the surface during 
manufacture, such methods are not directly applicable to 
the ordinary heat-treatment of laminated springs. It 
would be an advantage if treatments could be devised 
whereby the fatigue resistance of spring plates could be 


increased without the necessity for complete machining of 


the rolled surfaces, and with this object in view experiments 
have been carried out to determine whether appreciable 
improvements could be obtained by light surface carburis- 
ing treatments ; the results obtained are recorded in this 
paper by Dr. G. A. Hankins, Dr. M. L. Becker and Mr. 
H. R. Mills. 

The investigation and results are presented in four 
sections : Section [ gives the results of fatigue tests on two 


typical spring steels carried out to show the importance of 


surface irregularities of shape, both acting alone and in 
conjunction with surface decarburisation. Section II 
describes experimental attempts to improve the fatigue 
resistance of heat-treated steels by recarburising the 
decarburised surfaces produced during the manufacture 
of the steel. Section III gives the results of fatigue tests 
on unmachined steel forgings of over 100 tons per sq. in. 
tensile strength. Section IV gives the results of a few fatigue 
tests on unmachined rolled mild steel. 

The authors conclude that the combination of surface 
irregularities or inclusions with surface decarburisation is 
the major cause of the low fatigue resistance of unmachined 
spring steel plates. Thus the combination of semi-circular 
surface grooves }mm. in radius, together with surface 
decarburisation, lowers the fatigue limit of a high-class 
silico-manganese steel from + 46 tons per sq. in. to + 11 
tons per sq. in. Surface recarburisation of decarburised 
steels was found to increase the fatigue limit in some cases, 
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but such treatment can hardly be recommended for queen 
commercial application. The effect of the unmachined 
surface on very high tensile forgings is very marked, the 
endurance fatigue limit being less than that of unmachined 
mild steel ; it is concluded that it is most inadvisable for 
these very high tensile forgings to be subjected to fatigue 
stresses in service when the surfaces are in the as-forged 
heat-treated condition. It is also concluded that the effect 
of the unmachined surface on the fatigue strength of mild 
steel is not important, although exceptions can occur. 


Factors Influencing the Rate of Attack of Mild Steels 
by Typical Weak Acid Media 

The corrosion of iron and steel by acids has received less 
adequate study than the corrosion by neutral saline media, 
probably because the cases of acid corrosion which occur 
under service conditions are the less in evidence. Never- 
theless, besides its theoretical interest, attack by acids is 
of great practical importance ; examples are the corrosion 
of steel structures in acid atmospheres, and, particularly, 
the corrosion of the tinned steel used for packing 
acid foodstuffs, which latter problem has given rise to a 
research described in this paper by Dr. T. P. Hoar and 
Mr. D. Havenhand. The research was designed to discover 
important factors influencing attack by dilute citric acid 
and citrate buffers, and to elucidate the mode of operation 
of such factors. With this in view, the attack by citric 
acid and citrate buffers of 36 different varieties of iron and 
dead-mild steel, mainly of the tinplate type, has been 
studied gravimetrically and _ electrochemically under 
simple conditions, the results being correlated with the 
chemical and metallographic analysis of each material. 
The effects of traces of sulphur, and of tin and other metal 
ions, in the corroding media have also been investigated. 
The main result established is that sulphur in steel has a 
pronounced accelerating effect under these conditions, but 
that this acceleration is entirely counteracted by the 
presence of approximately twice as much copper as sulphur 
in the metal, and is partially suppressed by small amounts 
of tin ions in the corroding media. A simple yet compre- 
hensive theory is developed to account for these and other 
phenomena, and possible applications to practice are 
indicated. 

It is shown that corrosion decreases with increase of pH. 
from 1-98 to 4-89. In the more acid solutions, corrosion 
is accelerated by sulphur in the metal or in the solution 
owing to stimulation of the anodic process by dissolved 
sulphide. It is retarded by tin (and cadmium) ions, which 
remove soluble sulphide, and by copper in the metal, which 
probably also removes sulphide. ‘he presence of massive 
cementite in the metal may accelerate corrosion by assisting 
the cathodic process. In the less acid solutions all these 
effects are diminished, and the supply of oxygen becomes 
an important factor. 

The necessity of electrochemical measurements and 
theories in the elucidation and interpretation of the factors 
influencing corrosion is emphasised. The practical im- 
plications of the work are pointed out. It is suggested that 
steel for use under conditions of acid corrosion, such as 
the steel-base of tinplate, should preferably be rimming 
steel having a copper content not less than twice the 
sulphur content. 


Methods of Detinning Tinplate for Examination of 
the Thickness and Continuity of the Alloy Layer 


The sodium plumbite method and a new electrolytic 
method of detinning tinplate have been examined to de- 
termine the conditions of minimum attack on the alloy 
layer, and the results are given in this paper by Messrs. 
A. W. Hothersall and W. N. Bradshaw. The thickness 
and porosity of alloy layegs on commercial tinplates 
were examined by the methods developed. 

Detinning by the sodium plumbite method involves im- 
mersion in the boiling solution for a period of 3 to 5 min. 
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With an unsuitable composition of solution the alloy layer 
was markedly attacked, or removal of the tin was slow ; 
with the optimum composition of solution, about 3°, of 
the alloyed tin present on an average grade of tinplate was 
dissolved per min. The usual time for which the alloy is 
exposed to attack by the solution is 2 to 3min. A recom- 
mended procedure is given. 

The electrolytic method consists in anodic treatment in 
5%, sodium hydroxide solution at 30°C.; the potential 
difference across the cell is controlled, and should not 
exceed 1-0 vy. Detinning of an average quality tinplate 
takes 10 to 20 min. The attack on the alloy layer in 5 min. 
amounted to 1-4%, of the alloyed tin present on an average 
grade of tinplate, 

In agreement with previously published results, an 
average of 3-3 0z. of alloyed tin per basis box (2-3 g. pet 
sq.m.) was found on tinplate carrying 2 |b. or less of tin 
per basis box (22-4g. per sq. m.). Larger amounts of 
alloyed tin were found on plates having tin yields in excess 
of 31b. per basis box (33.6 g. per sq. m.), the maximum 
figure obtained for commercial tinplate being 1 Ib. 1-2 oz. 
of alloyed tin per basis box (12g. per sq. m.). The 
heavier alloy layers did not show the mottled pattern 
typical of the average grade of alloy layer. 

The alloy layer of average quality tinplate was found to 
be highly porous (30,000 to 70,000 pores per sq. em.), using 
both the hot water and ferroxyl! tests. The heavier alloy 
layers were less porous, 

Determinations of the tin yield of heavily-coated tin- 
plates by Clarke's method of stripping in hydrochloric acid 
containing antimony are liable to a slight error when the 
amount of alloyed tin exceeds the average, because of the 
altered correction factor required for dissolution of the 
alloy layer ; in an extreme case this error may amount to 
5 to 6%, of the total tin yield. No modification of the 
correction factor is involved for tinplate carrying less than 
about 3 1b. of tin per basis box, 


A Study of the Origin of Porosity in the Tin Coating 
of Tinplate 

One of the chief defects of tinplate is the presence of pores 

in the tin coating which expose the steel. As a preliminary 

to a study of the causes of porosity an examination has 


been made of tinplate of various grades, with the object of 


determining the location of pores in relation to surface 
peculiarities or imperfections, The results of this examina- 
tion are discussed in this paper by Messrs. A. W. Hothersall 
and J. C. Prytherck. 

Pores in the tin coatings were located by slight rusting 
in distilled water ; their position was marked and the rust 
removed by a brief cathodic treatment in alkali ; the tin- 
plate was then examined microscopically. In finished tin- 
plate, 30 to 50°, of the pores in the coating were found in 
scratches produced in the final cleaning and polishing of the 
tinplate. 

Microscopic examination of tinplate carrying less than 
2 Ib. of tin per basis box (22:4 g. per sq. m.) revealed the 
presence of periodic bands of scruff (crystals of iron-tin 
alloy embodied in the coating) running at right angles to 
the direction of tinning. In tinplate withdrawn from the 
top of the grease-pot (i.¢., without passing through the 
cleaning or polishing rolls), pores in the tin coating were 
chiefly located in the scruff bands (41°,), and in grease 
marks (34°,). 

Scruff bands were not seen in tinplate carrying more than 
3 lb. of tin per basis box (33.6 g. per sq. m.), but the largest 
grease marks, of saucer shape, were grouped in periodic 
bands running at right angles to the direction of tinning ; 
practically all the pores not associated with scratches were 
located in these bands. 

Discontinuities in the tin-coating could be seen under 
the microscope at the site of the pores. Other discon- 


tinuities of similar appearance were also seen, a number of 


which could be made to respond to the hot-water test by 
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lightly etching or stretching the tinplate. These dis- 
continuities have been classified as potential pores. Only 
one-third to one-fifth of the total number of discontinuities 
or potential pores responded to the hot-water test. 

The alloy layer remaining on tinplate after dissolution 
of the tin coating in a medium to which the alloy layer is 
practically inert was found to be highly porous ; the porosity 
was considerably increased by slight stretching of the 
sheet. Coincidence of discontinuities in the tin coating 
and in the compound layer appears to be necessary for the 
existence of pores which respond to the recognised tests. 
The increase in the porosity of tinplate produced by slight 
deformation appears to be due to the increased porosity of 
the alloy layer, which raises the probability of such 


coincidence. 


The Distribution of Sulphur Between Metal and Slag 
in the Basic and Acid Processes of Steel Manufacture 


In this paper by Messrs. E. Maurer and W. Bischof, 
a brief review is made of previous publications relating to 
the behaviour of sulphur in steelmaking. The distribution 
of sulphur is studied from numerous operating analyses 
of the basic open-hearth process, disclosing the powerful 
desulphurising effect of manganese. The influence exerted 
by the silica content of the slag in the presence of varying 
amounts of lime is determined. These results are embodied 
in a composite diagram, and it is explained how the 
equilibrium conditions of sulphur distribution that can be 
read from it are modified if larger contents of magnesia, 
alumina, and phosphoric acid are present in the slag or of 
phosphorus in the metal, or by changes in temperature. 
The behaviour of sulphur in the acid process is discussed 
in the light of certain reports on heats, which reveal a 
dependence of the sulphur distribution on the phosphorus 
content of the metal, but which suggest that this effect is 
not attributable to physico-chemical equilibrium conditions 


alone. 


Some Considerations Influencing Plant Facilities for 
Strip-Sheet Production under British Conditions 


The revolution in methods of steel production, which 
commenced in the United States some 13 years ago, has 
now acquired such momentum as to threaten with extine- 
tion the pre-existing techniques as serious contributors to 
the total volume of sheet and light plate production. The 
situation developing in the United States will soon be 
full of interest. By the end of this year it is anticipated 
that there will be at least 21 wide-strip mills, capable of 
rolling maximum widths of 32 to 84 in., in operation, and 
in addition two continuous light plate mills. Their ag- 
gregate productive capacity (exclusive of the plate mills) 
may be conservatively assessed at 8,500,000 tons per 
annum. Unless consumption is substantially greater than 
has been the case over the last five years, the only outlet 
for the new installations will be at the expense of the pre- 
existing manufacturing facilities for the products in 
question, namely, the sheet mills, jobbing plate mills, 
tinplate mills, skelp mills, medium-strip mills, and their 
attendant preparatory rolling plants. 

In Great Britain these developments have naturally 
attracted much attention, and it is understood that several 
installations are about to be made by leading steel interests. 
The applications of the new methods of production to British 
conditions are discussed in this paper by Mr. Geo. A. V. 
Russell, in which attention is confined to new projects for 
rolling wide material for the various branches of the sheet 
and strip trades. 

A consideration of the differences between British and 
American conditions leads the author to advance the view 
that smaller productive units are desirable in this country, 
provided that capital costs can be reduced proportionately, 
and that substantially the same direct costs are attainable. 
The importance of standing charges in the economics of 
these installations is emphasised and the principal factors 
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influencing capital outlay are analysed. Certain con- 
clusions are then reached concerning the features which 
should characterise a plant to meet British requirements. 
In exemplification, three projects have been elaborated 
for wide-strip mill plants of different capacities and product 
ranges. 





The Behaviour of Five Cast Irons in Relation to 
Creep and Growth at Elevated Temperatures 
The work described in this paper by Messrs. H. J. Tapsell, 

M. L. Becker and C. G. Conway, was undertaken with a 

view to determining to what extent ordinary and alloy 

cast irons have useful properties at high steam temperatures, 
and whether they are capable of further application at these 
temperatures. 

The work has consisted in the study of the creep and 
growth of ordinary cast iron, nickel-chromium cast iron, 
Silal, Nicrosilal, and Niresist cast irons, mainly between 
370° C. (700° F.), and 538° C. (1,000° F.), and an examina- 
tion of the effect of prolonged heating on the microstructures 
of the irons. A few comparative creep and growth tests 
have been made at 850°C. on the Silal, Niresist, and 
Nicrosilal cast irons, since the last-mentioned iron has been 
developed chiefly for use at relatively high temperatures. 

The results of the investigation show that the rates of 
creep and growth of ordinary grey cast iron and _ nickel- 
chromium cast iron may be considerably reduced by 
preliminary heat-treatment below the critical temperature 
for a suitable period, and, for that reason, these irons in the 
heat-treated condition may have additional useful applica- 
tion. The heat-treatment lowers the tensile strength at air 
temperature of the ordinary cast iron, but has much less 
effect on the strength of the nickel-chromium cast iron. 
The Silal cast iron has properties of the same order as those 
of the ordinary and nickel-chromium cast irons in their 
heat-treated condition. 

The creep and growth of the samples of austenitic Nicro- 
silal cast iron at 450° C. (842° F.) and 538° C. (1,000° F.) 
are very little different from those of ordinary cast iron 
in the as-cast condition ; the poor properties of the Nicrosilal 
cast iron are probably due to the instability of the austenite 
at both temperatures. 

Good resistance to growth and creep at 450° C. and 538° C. 
is shown by the Niresist cast iron, which is also austenitic ; 
actually, it possesses better resistance to growth at 538° C. 
than at 450°C, 

At 850° C. the Nicrosilal cast iron is superior to both the 
Silal and Niresist cast irons. 





A Summary of the Iron-Carbon Diagram Near 
Zero Carbon (below 1,000 deg. C.) 

That portion of the iron-carbide diagram relating to a 
carbon content of less than 0-10°,, is now frequently pub- 
lished in the form indicated by the unbroken lines A, B, C, 
D, of Fig. 1. The three points, A, B, and C, have been fixed 
by means of data from previous investigations; in the 
present paper by Mr. J. H. Whiteley, an attempt is made to 
delineate the curvatures of the lines joining them. Several 
steels containing less than 0-03°, of carbon were used 
during the investigation, but the main part of the work has 
been done with specimens from a piece of Armco iron plate, 
3 in. thick, in the as-rolled condition. 

Details of a cupric etching method which makes cementite 
readily apparent in steels containing less than 0-03°, of 
carbon are first given. By means of it the gradual solution 
of cementite in a-iron on heating above 550° C. is examined. 
Then, the formation of martensite at still higher tempera- 
tures in such non-pearlitic steels is investigated and is 
shown to be due to the presence of carbon ; the presence 
of nitrogen is not necessary. From a microscopic examina- 
tion of these two effects the true positions of the lines of 
the equilibrium diagram in the region under consideration 
are inferred. 

In conclusion, the author refers to two points bearing 
on this investigation which remain to be dealt with :— 
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1. Some excellent illustrations of the y-iron constituent 
here described were published in 1917 by Brooke and 
Hunting.! They had discovered the structure in quenched 
pieces of Armco iron, and concluded that this material 
“possesses the property of throwing out of solution, 
between the Ar, and Ar, points, a eutectoid, etc.” They 
further stated that “the temperatures at which the 
occurrence and disappearance of the eutectoid occur 
coincided so remarkably with the beginning and end of the 
brittle zone, as observed in practice, that it was judged 
that herein lay the cause of the pronounced red-shortness.” 
It can now be confidently asserted that no such eutectoid 
exists. As previously explained, the simulated eutectoid 
appearance at times exhibited by the y-iron areas is no 
doubt mainly the result of their partial decomposition in 
the early stages of quenching, when they pass through 
the temperature range, in which they are highly unstable. 
Further, it is clear that this so-called eutectoid formation 
has no connection with the peculiar red-shortness of Armco 
iron, since the same structures can be produced in other 
materials, such as carburised electrolytic iron, which are 
not characterised by this property. 

2. It has been demonstrated that steels containing in- 
sufficient carbon to give rise to any pearlite can still yield 
areas of pronounced 
martensite when 
quenched. A 
method is thereby 
suggested by which 
the distribution of 
the carbon in such 
steels may be con- 
veniently observed. 
It consists in 
quenching the sam- 
ples from a tem- 
perature within the 
area B, C, D, of 
Fig. 1, preferably 
about 850° C., so 
that the martensitic 
areas will appear 
white with cupric 
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> etching. As an 
fs) illustration, the 
Fig. CARBON. %* effect so obtained 


on a_ partly-decar- 
burised specimen of the Armco iron may be given. 
The section had been allowed to scale in air at 960°C. 
for 2hrs. When cut in two and examined internally, no 
cementite was visible close to the edges, but at a short dis- 
tance away it began to appear and to increase in quantity, 
until within about ss in. from the edge the normal amount 
was judged to be present. A removal of the carbon at and 
near the surfaces had, therefore, taken place by oxidation. 
The same piece was then heated at 850° C. for 2 min., and 
quenched. When etched with the cupric reagent the dim- 
inishing carbon content towards the edges was very clearly 
revealed. The test thus appears to be reliable. Probably 
the need for a method of this kind is limited, but it may 
prove of use, for example, in exploring the distribution 
of carbon in the relatively pure skin of dead soft rimming 
steels. 

1, W. J. Brooke and F, F, Hunting, Journal of I.S.J. 1917, No, 11, p, 233, 


The Hon. Charles le Water, High Commissioner for the 
Union of South Africa, was the principal guest at the recent 
annual dinner of the Institution of Mining and Metallurgy 
held at Grosvenor House, Park Lane, under the presidency 
of Mr. Carl Davis. Others present included the Agents- 
General for British Columbia, Victoria, South Australia and 
Tasmania, Sir Henry Birchenough, Sir Reginald Wingate, 
Sir Harold Carpenter, Sir Hal Colebatch, Sir William Gowers, 
Sir Robert Johnson, Sir William Larke, Sir Reginald Mant, 
Brig.-Gen. Sir Samuel H. Wilson, Mr. Robert Annan (President- 
Elect of the Institution), Mr. Chester Beatty, Mr. Harry F. 
Oppenheimer, and Mr. Francis Phillips. 
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Reviews of Current Literature 


Wire Drawing and Cold Working of Steel 


IN the second edition of the book on “* Wire Drawing,” 
which has just been published, the author, Mr. Alastair 
T. Adam, assures us that the main scheme of the original 
edition, issued 11 years ago, has been retained. In size the 
volume has been reduced from 205 pages to 155, mainly 
by the omission of the chapters dealing with cold-rolled 
strip and the theories of plastic flow, which thus renders 
the book, although essentially scientific in outlook, of more 
practical interest to the wire user than to the metallurgist 
or the engineer. The purely mechanical details of the 
processes of rod rolling and wire drawing receive only 
brief attention, which may be adequate for the user, but 
not sufficient to be helpful to those who come to the book 
for aid in some of the many problems involved in the 
production of satisfactory wire for all purposes. 

The steelmaker will not find, for example, in the chapter 
on raw material and its preparation, one of the most 
essential precautions for ensuring sound wire from 
ingots, namely, the casting of small units with the big end 
up, unless the author has assumed that what was the 
exception a few years ago is now agreed upon as current 
melting-shop practice, 

The metallurgist may regard the 35 photo-micrographs 
included as insufficient to guide him in his diagnosis of 
faults with which he may meet in his inspection of wire 
for service, and we doubt if the method of collecting all 
these illustrations, along with the other electro-blocks, on 
separate paste-in sheets of high art paper is a better “* get- 
up” than the former edition printed on high art paper 
throughout. We regret to notice also that a considerable 
number of the photo-micrographs are without the proper 
label in regard to the magnification, which seriously 
restricts their usefulness. 

Considerably greater detail is entered into when dealing 
with the cold working operation and the preliminary heat- 
treatment of the wire to enable the various processes to be 
carried out successfully, and especially good is the com- 
parison of the older fashioned air-patenting and the more 
modern lead-bath cooling adopted for improved wire. 
We miss, however, a discussion of the disadvantages which 
can arise from the use of lead, and the improved working 
some makers have found by the use of molten salts in place 
of lead. 

Adequate attention has been given to the effect of cold- 
working upon the physical properties of metals, although 
almost the whole of the test results quoted and represented 
graphically relate to steel alone. Of particular interest to 
most readers at the moment will be the fresh information 
given by the author on the question of fatigue, and the 
effect of various treatments upon the wire in varying the 
limiting fatigue stress, which can be determined by experi- 
ment on the new testing machines introduced by Haigh 
and Lea for this purpose. 

In view of the importance of accurate physical testing, 
we still miss any mention of the most suitable equipment for 
carrying out this very essential means of checking the 
physical properties of wire, particularly as the author has 
included numerous tables of great usefulness showing the 
effect of various * processing *’ in altering the characteristics 
of the finished material. Now that quite a lot of important 
wire is required to conform to rigid impact test values, it is 
a little surprising that only one page is devoted to this 
important subject, particularly in the light of the know- 
ledge which is necessary to produce the correct structure 
in the steel] to meet the requirements. 

In the chapter dealing with the effect of heat-treatment 
after cold working, very useful data is given of the * age- 


ing” effect as also of the result of “ blueing ” and of 


galvanising, which frequently produces deleterious effects 
on the physical properties of the wire. The author’s re- 
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commendation in regard to overcoming the latter may be 
considered by some as more theoretical than practical. 

We welcome the addition of a new chapter on useful 
applications of wire, and, although the author disclaims 
any pretence of making this complete, he has taken typical 
examples from various groups of uses, and treated them 
fairly thoroughly. However, in the section dealing with 
mild steel wire, he has omitted the important method of 
water-patenting for high tensiles without brittleness. A 
further section deals with spring wire, and an important one 
deals with ropes, with sub-headings on corrosion, wear and 
friction. Finally, a few words are said about alloy steel 
wire, which, so far, has not made much progress since the 
last edition. 

Although much has been published on the question of 
wire in the scattered literature of the technical Press since 
the first edition came out, we find only scant reference 
to this in the bibliography appended to the respective 
chapters, so that the author is apparently not in agreement 
with the general tenor of their contexts. We do, however, 
sincerely congratulate the author on his production of the 
new edition to replace the long-felt want caused by the 
first edition being out of print; and for the way he has 
dispelled much of the secreey which has surrounded the 
wire trade processes for many years. 

By Alastair T. Adam. Published by Messrs. H. F. and 
G. Wetherby, London. Price, 35s. net. 


Sands, Clays and Minerals 


Primarily concerned with the development of Empire 
mineral resources, this publication provides very interesting 
and informative reading. The current issue No. 4, Vol. II, 
consists of 192 pages, with 93 illustrations, and contains 
original articles on Rotary Drilling Fluids ; Manipulation 
of Canadian Radium ; Mining and Mineral Resources of 
Southern Rhodesia ; Physical Description of Soil Tilth ; 
Efficiency of Heat Absorbing Glasses ; Analytical Notes 
on White Earths and Pigments ; Marbles and Limestones 
of Malta ; Nephelometry as an Aid in the Investigation 
of Mineral Substances ; Niobium and its Uses ; Zirconia 
Deposits of Brazil Minerals for Colouring Glass and 
Enamels ; Mineral Resources of East Africa ; Industrial 
Diamonds and Their Uses ; Use of the spectrograph in 
Industry Mining on the Gold Coast A New Sand 
Classifier. 

Of particular interest is an editorial entitled “* What 
We Think,” in which it is suggested that the channels of 
international trade must be freed of every obstacle in the 
way of increased consumption of goods in every country ; 
the difficulty is in equalising the conditions that would 
facilitate this desirable proposition. It is further suggested 
that perhaps the time has come for politicians to have less, 
and technical men to have more, of the direction of ex- 
clusively economic affairs. We are in entire agreement 
with this suggestion, because we cannot imagine technical 
men making international trading conditions more difficult 
than they are to-day. Published by A. L. Curtis, West- 
moor Laboratory, P.O. Box, 61, Chatteris, England. 
Price 3s. 6d. 


Electrical Safety Equipment 


Electrical apparatus described and illustrated in a booklet 
recently issued by the General Electric Co., Ltd., appertains 
more especially to mining and other industrial applications 
where unquestionable safety is imperative. The whole of this 
class of electrical equipment is dealt with as briefly as possible, 
while explanatory diagrams for the installation of apparatus, 
which is subject to various Government regulations, are 
included. The 64 pages of this booklet are very informative, 
making a handy and convenient handbook on electrical 
safety equipment for mining engineers. Copies may be 
obtained from General Electric Co., Ltd., Magnet House. 
Kingsway, London, W.C. 2. 
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trength of Metals in the Light of 
Modern Physics 


The results of some investigations into the character of deformation and 
fracture of metals as revealed by X-ray methods are briefly reviewed. 
It is shown that the fracture of metals under statical and fatigue 
stressing is accompanied by exactly the same changes in structure. 


O engineers and designers in general faced with 
modern problems, the strengths and other properties 
of materials of construction form a subject of prime 

importance and direct interest; often, a much needed 
development is restricted only by limitations imposed by 
the available materials. The subject is of especial impor- 
tance to the aeronautical engineer on whose skill and 
resource the bug-bear of the power-weight factor imposes a 
strain of peculiar and increasing severity. In addition to 
the resistance of materials to the simpler straining actions, 
caused by static and impact stresses, he is much concerned 
with the resistance to cyclic stresses, or fatigue, particularly 
with regard to engine components. At the outset, it must 
be recognised that one primary problem only is involved, 
the fundamental problem of why materials fail, either by 
deformation or fracture; the actual stress condition 
involved—static, dynamic or cyclic—must be relatively 
unimportant. Until this problem is solved, it is necessary 
to make available the results of mechanical or other tests 
which express the “ strength ”’ of a material under a certain 
set of conditions—tensile strength, fatigue limit, notched- 
bar value, ete.—in a form which may be useful for design 
purposes, but such statements in themselves merely amount 
to a confession of the empirical state in which our present 
knowledge of materials exists, as such data are entirely 
useless in a search, on scientific lines, for new materials or 
even for marked improvements in existing materials. 
How, then, are we to proceed in a systematic search for 
the new improved materials of the future, for of the develop- 
ment of such materials no one, acquainted with the advances 
made within the present century even, can have any real 
doubt? In the first place we must recognise that the 
properties of any metal or alloy—whether we regard it 
merely as a solid body, a chemical combination of various 
elements or as an aggregate of crystals—must depend 
ultimately on its inner crystalline structure as revealed by 
physical methods. It is common knowledge that metals 
consist primarily of an ordered arrangement of atomic 
nuclei and electrons ; the properties of metals in the bulk 
form as used in industry must be related to the atomic 
forces and arrangement, although that relation may not be 
direct, neither must we expect that it will be simple. As part 
of the answer to our question, it appears obvious that we 
must use every endeavour to obtain a clear understanding 
of the physical conditions under which failure and fracture 
oceur. This is the aspect of the problem which will probably 
occupy the major attention of the engineer ; given such a 
knowledge, it might be possible to effect major improve- 
ments in materials. But it is illogical to assume that a 
orrect interpretation can be made of the answer to the 
juestion of ‘“‘ Why metals break,” unless it has also been 
nade quite clear ‘‘ Why metals hold together.”” Thus the 
roblems of cohesion and fracture are really inseparable. 
‘he fundamental problem of the cohesion of matter—of 
hich the cohesion of metals is one of the most complicated 
spects—is one that must be left to the atomic physicist, 
vho, using highly specialised technique and mathematical 
iethods, is attacking the problem with such great energy 
nd resource. Recent discoveries with regard to the nature 
(the atom have been so startling in their unexpectedness 
iat this branch of physics has evidently not reached any 
ate of finality and it appears extremely doubtful whether 





a quantitative theory of cohesion of the metallic state in 
general will be made available in the very near future. In 
view of this position it is not unreasonable at the present 
time to make some independent attempt on the problem 
of fracture, employing the most precise physical means 
at our disposal, especially when it is remembered that the 
validity of any quantitative theory of cohesion must 
involve reasonable agreement with the characteristics of 
fracture as determined experimentally. 

The chief object of a paper given at a recent meeting 
of The Royal Aeronautical Society was to present the results 
of some investigations made by the authors, Dr. H. G. 
Gough and Mr. W. A. Wood, into the characteristics of 
deformation and fracture of metals as revealed using 
X-ray methods of precision. The primary objects in view 
in carrying out the work were (1) to determine the essential 
condition of the crystalline structure under which fracture 
occurred, (2) to examine whether fracture, whether due to 
static or cyclic stressing, did or did not represent the 
attainment of a definite common condition of the crystalline 
structure, and (3) to determine whether the “ fatigue 
limit ’—that invaluable property to engineers did mark 
a dividing line between critical conditions of the structure 
such that the X-ray method of examination would distin- 
guish clearly between the effects of cycles of an “‘ unsafe ” 
and a “ safe“ range of stress. Reviewing broadly the 
results obtained, it may be said all three objects have been 
attained with considerable success, while much new light 
has been thrown on the finer aspects of the deformation of 
metals. 

As a result of this work it has been found possible, for 
the first time, to show that failure under static and fatigue 
stressing is associated with changes in the crystalline 
structure which are identical. These changes are (1) a 
dislocation of the initially perfect grains into large com- 
ponents which vary in orientation from that of the internal 
grain by amounts up to about 2°, (2) the formation of 
* erystallites,” approximately 10-10% cm. in size, whose 
orientation varies widely from that of the original grains, 
and (3) the presence of severe internal stresses in the 
crystallites. At fracture, whatever the type of applied 
stressing, the whole of the specimen behaves to the X-ray 
beam as a medium of crystallites showing marked lattice 
distortion and oriented completely at random. X-ray 
diffraction methods are shown to distinguish clearly 
between the effects of the application of safe and unsafe 
ranges of stress ; the first method that has been successful 
in this respect. 

In order to show the relationship between the new work 
described and previous work dealing with the use of X-rays 
in studying the deformation characteristics of metals, a 
preliminary section of the paper deals with cold-rolling 
and drawing. A survey is also presented of the present 
position regarding strength and atomic structure, together 
with references to various theories regarding the imperfec- 
tions of crystals as encountered in practice. 

The authors give their general conclusions from this 
research under three headings as follows :— 

Conditions of Structure-—Whatever type of stressing 
has been applied—torsion, tension or compression, static 
or fatigue—the effect on the structure is one of destruction 
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of the crystals producing material always in one or more of 
three conditions : 

(a) Perfect grain giving a sharp X-ray reflection ; has 
same orientation throughout ; size 10? em. 

(b) Dislocated grain giving a reflection which is elongated 
along ring ; consists of fragments oriented to each other at 
angles not exceeding 2°. 

(c) Crystallites.—Very small crystal fragments giving 
reflections in form of sharp line extending farther round 
ring than elongation due to dislocated grain. Wide varia- 
tion in orientation. Grain size is of order 10-10 cm. 
A tail of such reflections attached to a strong reflection 
from a dislocated grain indicates that some widely oriented 
crystallites form simultaneously when a perfect grain is 
dislocated ; probably at the boundaries of the dislocated 
grains. 

Sequence of Events under Static Stressing to Fracture. 

(a) Within elastic range : No change in perfect grains. 

(b) Between elastic limit and yield point : A few perfect 
grains break up, forming a small proportion of dislocated 
grains and crystallites. 

(c) After yield: Every perfect grain broken up into 
dislocated grains and a large number (small volume) of 
crystallites. 

With increasing stress, dislocation proceeds with pro- 
duction of larger proportion of crystallites. 

(d) At breaking point: Metal consists entirely of 
randomly oriented crystallites. At this stage, the diffrac- 
tion ring broadens, which probably means strain distortion 
of the atomic lattice. Fracture probably occurs when a 
limiting distortion is reached. 

Sequence of Events under Fatigue Stressing. 
factors are of major importance (i) the maximum stress of 
the cycle, (ii) the range of stress. At the first application of 
the maximum stress, some damage by break-up is caused 
this damage may vary from zero to any 


Two stress 


to the structure ; 
value of destruction. 

The safe range or fatigue limit is the maximum range 
which will cause no further progressive break-up; no 
change is caused by any number of cycles of a safe range of 
stress , , , 

If the applied range of stress exceeds the safe range, 
progressive deterioration and break-up into crystallites 
sets in leading to fracture exactly as in a static test to 
destruction. The greater the range of stress, the greater the 
total number of perfect grains totally destroyed and the 
fewer the number of cycles required to produce complete 
fracture. Hence the familiar form of the S/N curve. But 
in every case, the same final condition of destroyed struc- 
ture is reached in the region of the crack. 

It is considered that the experiments described give the 
first physical explanation of what fatigue really is. In 
addition, they show clearly that the fracture of metals 
under statical and fatigue stressing is accompanied by 
exactly the same changes in structure. 

These results afford no explanation of one of the essential 
phenomena observed. We require to know the reason 
why the erystal grains bree k up into very small fragments 
of a certain limiting size, between 104 and 10° cms., and 
apparently refuse to break down further under the diverse 
stressing systems investigated. But the authors show that 
strong evidence of the existence of an inherent system of 
imperfections in crystals is now accumulating from various 
independent sources and hope, not unreasonably, that the 
causes of this system will become established. The new 
facts, of a quantitative natuce, made available by the 
present experiments may be heipful in arriving at a clearer 
understanding of this interesting fundamental aspect of 
the strength of materials. 


Head, Wrightson and Co., Ltd. Teesdale Iron Works, 


Thornaby-on-Tees, have issued a booklet dealing with Ruggles- 
Coles and Dowden dryers. It describes seven distinct types of 
machines, which cover the whole field of drying and calcining 
as completely as possible, and gives the uses to which each 
type may be put. 
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Modern Rolling-mill Gears 


T is doubtful whether any application is more severe 
I on gearing than in driving rolling-mill equipments. 
When the totally-enclosed sets with generated teeth 

of comparatively small pitch displaced larger-pitched open 
gears, a few years ago, some engineers were sceptical about 
their lasting qualities, but gradually these doubts are being 
dispelled in the light of experience. 
modern designs are emphasised by the service obtained 
from gears which have been in continuous operation for 
several years. Several mill drives for instance, after five 
years’ continuous service, are still functioning satisfactorily 
and show very little sign of wear. Mention may be made 
of the rolling-mill drives operating three-high section mills 
in works in the north-east area. In common with drives 
of this nature, the gears have been subjected to exceptionally 
severe and fluctuating loads imposed directly on the gear 
teeth and bearings for the past five years, and, according 





The drive for one of the finishing mills. 


to a recent report, these drives have worked almost con- 
tinuously without trouble since their installation. 

An interesting feature in connection with these gears 
is that most of them are equipped with mechanically- 
operated brakes which act on the periphery of the large 
flywheels attached to the high-speed shafts. One flywheel 
only is fitted to each set, and one of the high-speed shaft 
bearings takes part weight of the flywheel. The bearings 
are of special design, pedestal type, robust construction, 
and are white metal lined. 

The units incorporate double-helical gears, accurately 
generated by the hobbing process—usually associated with 
turbine gears—which accounts for their high efficiency and 
unusually quiet operation. The wheels are made of 0-4 
carbon steel rims securely shrunk and pegged to cast-iron 
centres. The pinions are of 0-5 to 0-6 carbon steel and are 
forged solid with their shafts. Most of the gears are fitted 
with forced lubrication systems feeding the bearings and 
the gears, and whilst the bedplates are of substantial cast- 
iron construction, the gear cases and flywheel guards are 
of fabricated steel built up from rolled steel plates and 
electrically welded. The flywheels are of cast steel plate 
section construction, 

The mills comprise two roughing mills and two finishing 
mills, and the drives for one of the finishing mills is shown 
in the accompanying illustration. All are of the heavy 
type single reducing gear unit, fitted ‘with cast steel fly- 
wheels. These gears are similar in design to other and 
more recent rolling-mill drives made by David Brown and 
Sons (Hudd.), Ltd., and justify the opinion that accurately- 
generated teeth, which give equal load distribution, and the 
use of correctly heat-treated high tensile steels, give 
efficient, quiet and long service. 


The advantages of 
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Development of the Non-Ferrous 
Metal Industries 


The activities and developments of the non-ferrous metal industries are briefly 
reviewed and the astonishing productivity of modern industrial methods is shown. 


OME historical observations connected with the 
subject of non-ferrous metallurgy were made by Dr. 
Maurice Cook in his recent address before the Midland 

Section of The Institute of Metals. His remarks made no 
pretence of being a full history, but they proved most 
interesting. Reviewing briefly early work Dr. Cook said 
it was Christopher Shutz who was brought over to this 
country not only to establish the manufacture of brass, 
but also to introduce the new mechanical method of making 
wire. From archaeological investigations into the civilisa- 
tions of Egypt and other ancient Empires, we know that 
wire was used in the remote past, and it is now generally 
believed that, at that time, it was made by slitting strips of 
metal and then hammering them into roughly round form. 
Examples of Roman, Greek and Egyptian wire do not yield 
any evidence that dies were used in their preparation and, 
in fact, the earliest known reference to a wire drawing die 
is in a Latin manuscript written about a.p. 1000 by a 
German monk called Theophilus. It is possible that dies 
were known for some time prior to this, but all the available 
evidence suggests that in the year 1000, the die was a 
rather recent innovation. For the next 300 years or so, 
wire drawing was carried out by hand, but in 1350, one 
tudolph of Nuremberg applied mechanical methods to 
wire drawing, or, as the Latin records of Nuremberg 
describe it, “‘ the drawing of wire by the labour of wheels.”’ 
It was not, therefore, until more than 200 years later, 
with the advent of Schutz, that wire was first drawn 
mechanically in this country. Schutz established works for 
brass production, and the manufacture of wire on Angidy 
Brook close to Tintern Abbey, using stones from the Abbey 
for the erection of the buildings. In 1566 deposits of 
calamine were discovered in Somerset, but it was not until 
1568 that brass was first made in the new works. The 
manufacture of brass at Tintern, however, never proved 
to be a success. 

Down to about 1690 the production of copper and brass 
was in the hands of monopolist companies which actively 
concerned themselves in preventing competing importation, 
but at the same time did very little to improve the industries 
at home, and during the period that followed the Civil War, 
copper mining was very much neglected. With the passing 
of the Mines Royal Act, however, the industry revived, 
and of the several new companies formed, the English 
Copper Company, founded in 1692, was concerned 
with the manufacture of brass, as well as with mining and 
smelting. Several other concerns were established, two of 
which deserve passing mention, one known as the Copper 
Mines in the Principality of Wales, founded 1694, and 
another the Mines Adventurers of England, established 
1698. The total output of metallic copper, it is interesting 
to note was in 1697, about 160 tons. Towards the end of the 
seventeenth century several copper smelting works were in 
eration in the neighbourhood of Neath, where the 
lustry had been carried on from at least as early as 
84. In the eighteenth century copper smelting works 
re established at Swansea in 1717 to 1720 by Lane and 
lard, and South Wales became the chief centre of this 
industry. In the early part of the nineteenth century, the 
itish output of copper from domestic ores amounted to 
0 tons per year, which was about 75%, of the world’s 
oduction. With the development, however, of the 
lustry in other parts of the world, this pride of place was 
st, and of the world’s output to-day, which amounts to 
\l over a million tons per annum, this country’s contribu- 
n is insignificantly small, although the per capita 


1 


consumption is larger here than elsewhere, being in 1934 
10-35 lb., the next highest, in Germany, being 7-47 lb. 
The period from 1690 to 1720 saw great activity in the 
brass and copper industries, and the manufacturers were 
busy petitioning for duties on imported brass, but on the 
other hand, the company of Armourers and Braziers of 
London, and the workers in brass in other places were 
much opposed to it, since the foreign product was supposed 
to be of better quality. In 1720 the various branches of 
the copper and brass industries accounted for the activities 
of 21,350 families, when the output was but a few hundred 
tons at the best. These facts provide a remarkable example 
of the astonishing productivity of modern industrial 
methods, when compared with the figures for 1930 which 
relate to the smelting, rolling, etc., of copper and copper 
alloys—the total number of persons employed was 24,487 
and the value of the products amounted to £20,795,000. 
Another milestone in the eighteenth century develop- 


ments was the introduction by James Emerson in 1781 of a 
method of making brass by directly alloying copper and 
spelter. Prior to this, brass was made by the centuries-old 
process of melting copper with calamine. Yet another 
development of both interest and importance was the 
introduction by Keir in 1779 of a metal which appears to be 
the first hot-rolled brass of which there is any record. It 
was developed chiefly for the manufacture of bolts and 
sheathing for ships, and was the forerunner in this con- 
nection of the metals patented by Collins in 1800 and by 
Muntz in 1832. It was the latter who made the hot-rolling 
of brass a commercial proposition. Muntz metal was first 
manufactured in Muntz’s Brass Rolling Mills, in Birming- 
ham. The business was transferred to Swansea in 1837, 
but was brought back to Birmingham in 1842. Copper had 
been used previously for sheathing, and the first naval 
vessel sheathed with copper was the frigate “‘ Alarm ” 
built in 1761, but the use of metal sheathing did not become 
general until 1783. 

What was known as the stamped brass foundry trade 
cannot be passed over without reference, for it is responsible 
for the consumption of very large quantities of material. 
In 1769 John Pickering invented a machine to make 
designs on coffin furniture, coach ornaments and house 
furniture. Very shortly afterwards Richard Ford showed 
how a similar process could be used for making articles, 
such as saucepans, basins, etc., the process being further 
improved by Marston and Bellamy in 1777. It was not, 
however, until the beginning of the next century that the 
stamped brass trade was well advanced, bringing with it a 
large demand for brass strip and sheet which has since 
continued, 

The activity and development which characterised the 
eighteenth century continued with even greater vigour with 
the dawn of the nineteenth century. The availability of 
more power, and improved methods of production quickened 
industry generally. The introduction by Murdock in 
1803 of gas lighting led to an increased consumption of 
brass for the manufacture of lighting fittings. In recent 
years improvement in production has been accompanied 
by an increased knowledge, and understanding of the nature 
of the constitution and properties of alloys. The scientific 
study of metallurgy dates back but comparatively few 
years and may be regarded as beginning with the present 
century. This study, which has resulted in considerable 
improvement in quality of metallurgical products generally 
has also been responsible for the development of new alloys. 
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High-Strength Zinc-Base Alloys 


LLOYS containing more than 90°, zine have 
A gained for themselves a place in engineering and 

manufacturing works, said Mr. A. H. Mundey, in a 
recent lecture before the Midland Metallurgical Societies. 
This is due largely to their very useful physical properties 
and the facility with which highly-finished castings can be 
produced by modern die-casting methods. 

Much of the progress made is due to the production 
of zine of high quality—it has been found possible to 
obtain by a process of fractional distillation a metal con- 
taining 99-9999°,, zine. Apart from this exceptional grade 
of purity it is possible to obtain electrolytic zine having 
a purity of 99-99°,, and metal of approximately this grade 
is now being used in the production of specially high tensile 
alloys for die-casting. Whilst it is now found to be essential 
for the production of the highest grade of work that only 
the purest obtainable metal be employed, it is all too easy 
to spoil such alloys by injudicious technique and melting, 
thus neutralising the desired and good effect of the high 
standard metals. Scientific metallurgists have made many 
researches to trace the causes of the various changes, so 
that a mass of information is now available telling of the 
impurities which are to be avoided, and to some extent 
the conditions which do damage. 

From a practical production point of view the evil effect 
of impurities may roughly be included in two classes—the 
production of hot shortness, which make the casting liable 
to crack during the operation of cooling in the die and 
whilst being ejected, and the tendency to age harden and 
crack after casting, even after a more or less prolonged 
period. This has serious and far-reaching consequences, 
for the cracks on the surface may be so small as to be almost 
invisible, but moist air or other corrosive gases may be 
admitted, giving rise to intererystalline corrosion with 
distortion and possible complete ruin of the casting. 

Despite many difficulties thousands of excellent zine- 
base die castings are produced by many workers. The credit 
for progress in this field must be given, in a very large 
measure, to Herman Hugo Doehler, who patented a 
machine in the United States in January, 1907, and in this 
country in the following year. This period appears to 
mark the commencement of serious attempts at large- 
scale production. It is with machines of this type that 
the great bulk of die castings are made. 

The hardening and strengthening elements added to 
the zine in the earlier days were copper and tin, the 
composition generally employed were tin 7 to 10°, copper 
{to 7°, zine forming the balance with one notable excep- 
tion. Zine was noted for its property of dissolving iron 
if heated up to or beyond 500° C., and doubtless this ab- 
sorption went on at a lower temperature. About -5°,, of 
aluminium does much to stop this, and it also tended to 
The temptation to increase the 
resisted, as appreciable 


act as a deoxidiser. 
aluminium content had to be 
amounts of aluminium lead to cracking, during solidifica- 
tion, on ejection and probably during ageing. 

The passing of the tin-copper hardened zine-base alloys 
and their replacement by those hardened by aluminium- 
copper was gradual and entailed certain changes in 
technique. Gravity die-casting in zine, although practised, 
is not very successful, and pressure casting may be taken 
as the universal process in commercial use. With hand- 
operated machines of the Doehler type the changes are in 
the operator’s control, and it is certain that not everyone 
observes the nature of the changes Like all other branches 
of skilled work, exact directions cannot be given which 
will suit all or even a large number of cases. The die, 
weight, design and mass of a casting demands a change in 
manipulation, and in some cases a variation in the tem- 
perature of the metal when admitted to the die. It is 
recognised that it is very difficult in manufacturing con- 
ditions to take the temperature of the metal at the moment 
pressure is applied, and it is here that the skill and ex- 
perience of the operator are all important. 
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The Institute of British Foundrymen 


THe thirty-third annual conference of the Institute 
of British Foundrymen will be held in Scotland on 
June 9 to 12 inclusive. The business meeting will be 
held on June 9 in the Oak Room of the Grosvenor Res- 
taurant, Gordon Street, Glasgow, commencing at 6 p.m. 
At 8 p.m. there will be a reception in the City Chambers, 
George Street, Glasgow, by invitation of the Rt. Hon. 
The Lord Provost (John Stewart, Esq.), the Magistrates 
and the Councillors of the City. 

The conference opens on June 10, at 9-15 a.m., in the 
Rankine Hall of the Institution of Engineers and Ship- 
builders in Scotland, Elmbank Crescent, Glasgow, with a 
civic welcome. The Olwin Stubbs medal will be presented 
and the president-elect, Mr. H. Winterton, will deliver his 
address. At a subsequent technical session the following 
papers will be presented : ‘* The Phenomena of Capillarity 
in the Foundry,” by Prof. A. Portevin and Dr. Paul 
Bastein “The Manufacture of Intricate Thin-Walled 
Steel Castings,” by R. Hunter, B.Sec., Ph.D., and J. 
McArthur ; and ** Composition and Its Effect Upon the 
Properties of Mould and Core Sand Mixtures at Elevated 
Temperatures,” by F. Hudson. 

The conference is resumed the following morning in 
Heriot-Watt College, Chambers Street, Edinburgh, where 
the following papers will be presented for discussion : 
* A Study of the Influence of Manganese and Molybdenum 
Additions to Cast Lron,” by J. E. Hurst ; “* The Influence 
of Wall Thickness on the Mechanical Properties of Cast 
Iron,” by Dr. H. Jungbluth ; “ The Fracture of Pig Iron,” 
by A. L. Norbury, D.Sc. ; * Production of Pressure Cast- 
ings,” by H. H. Judson and a paper by Mr. Oliver 
Smalley. The second * Edward Williams * Lecture will 
be given by Professor A. L. Mellanby, D.Sc., in the evening, 
in the Rankine Hall of the Institution of Engineers and 
Shipbuilders in Scotland, Elmbank Crescent. The subject 
will be ** Cast Lron.” 

A complete programme has been arranged to make the 
visit to Scotland a memorable one to members and their 
friends. 


Influence of the Canadian Mining Industry 
on the Economic Situation of 
the Dominion 

CANADA’S mining and metallurgical industries are becoming 
increasingly important each year, ranking second only to 
agriculture among the primary industries, and possessing 
unlimited possibilities for further development. The 
agricultural area embraces some 15° of the Dominion’s 
land surface, and in the remaining 85° are broad territories 
where not only have the metals of mankind’s use been proved 
to occur, but where their concentration is in such richness 
that they can be produced more cheaply than in most 
competing countries. The possibilities of greater develop- 
ment of the Dominion’s mineral industry are increased by 
the fact that this great metal-bearing area has been but 
little explored in the search for and development of mineral 
resources, 

Rapid strides have been made in the production of metals 
in Canada since the beginning of the century. In 1901 
the Dominion had a production of metals worth 25 million 
dollars, while in 1935 the output was worth 222 million 
dollars, an increase of 800°, in a third of a century. Canada 
leads the world in the production of nickel, platinum 
metals and asbestos, is second in radium and zinc, third 
in gold, silver, cobalt and copper, and fourth in the output 
of lead. Four of these—nickel, copper, zine and lead— 
are among the world’s most indispensable metals. Canada’s 
production of base metals in 1935 set a new high mark of 
over 1,200 million pounds valued at 88 million dollars, and 
gold, the most valuable of the Dominion’s mineral com- 
modities, had a record production of 3,290,000 oz., with 
a record value of 116 million dollars. 
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Repairs to Electric Melting 
Furnaces 


By WALTER LISTER 


Repairing the hearth or rebuilding the bottom of an electric furnace may be done in many 
ways ; most furnace builders and steelmakers have their own ideas on the subject. In this 
article methods of executing various repairs are described as a result of practical experience. 


Making a Non-Conductive Basic Hearth 


N the Heroult type of furnace, non-conductive hearths 
are used, and they may be either acid or basic. A 
basic hearth can be either rammed-in complete, using 

either dolomite or magnesite mixed with tar, or calcined, 
or a mixture of the two methods. More commonly, it is a 
combination of the two methods, and the following will 
give an idea of the general practice. 

On the bottom plates of the furnace is first placed a 
course of silica or fireclay brick on edge, making a layer 
4} in. thick. On top of this, one course of magnesite brick 
is placed on end, making a layer 9 in. thick. Sometimes 
134 in. of magnesite brick is used, but this is not necessary, 
9 in. being sufficient for a furnace up to 15 tons capacity. 
After bricking, the bottom should be well dried by means 
of coke fires. After drying for about 24 hours, the furnace 
should be well cleaned out ready for ramming. The 
dolomite or magnesite to be used is mixed with tar (well 
boiled) in the same way as that described for an open- 
hearth furnace. The mixture should be well rammed 
in layers not more than 2in. thick. After, say, three 
layers are well rammed on the bottom, the banks should 
be formed. It is always better to ram the banks complete, 
as it is almost impossible to shape them properly by 
throwing in the dolomite loose and burning it in. A wood 
template should be fixed up the proper height and shape 
of the banks and the mixture well rammed inside. When 
finished, the template can be taken out and preparations 
made for calcining-in the remainder of the bottom. The 
roof should be put on and the electrodes placed in position. 
A few pieces of broken electrodes are then placed on the 
hearth and the current switched on. After about 24 hours, 
the bottom will be hot enough to take more dolomite, the 
surface being found to be sticky on being tested with the 
edge of a rabble. The broken electrodes should then be 
raked out and more dolomite or magnesite thrown in, but 
this time without tar, being spread in a thin layer all over 
the bottom. The current is then switched on again, first 
replacing the broken electrodes, for another three hours. 
This operation is repeated until the bottom is of the 
required thickness, usually about 12 in., according to the 
size of the furnace. 

The operation of ramming completely or fusing-in com- 
pletely needs no further description, as the procedure of 
both is embodied in the foregoing remarks. 


Making an Acid Bottom 


This can be proceeded with in exactly the same way as 
described for a basic hearth, but substituting good quality 
ganister and refractory silica sand for the dolomite or 
magnesite. 

The ganister should be very finely ground, and the first 
layers mixed with a small quantity of loam or fireclay 
exactly as described for an acid open-hearth furnace 
bottom. The mixture should be finely ground and 
moistened with water, just sufficient to render it plastic 
and firm while ramming. After sufficient has been rammed 
on the bottom, and the banks made, it will require well 
drying by means of coke fires before the roof is put on. The 
bottom is finished off with good silica sand to the required 


thickness, and well burnt in by means of the current passing 
through a heap of pieces of old electrodes placed on the 
bottom. 
The Conductive Hearth 

There are various ways of putting in a hearth of this 
description, most furnace builders and steelmakers having 
their own ideas on the subject, with the result that the 
various modifications are legion. I will therefore confine 
myself to describing two ways only, which I have found 
from my own practical experience to give good results. 

The first one was put in a small furnace of 3 tons capacity, 
and I will endeavour to describe the operation in detail and 
as clearly as possible, commencing with the work of cleaning 
out the furnace preparatory to putting in the new bottom. 
Three men were employed to cut the furnace walls down 
to below the old basic bottom, which was then lifted out 
by an overhead crane. In this furnace, copper cables were 
used as conductors, instead of the more usual copper 
plate riveted to the furnace bottom. On cleaning out, 
it was found that the cables were completely burnt away 
and had run among the magnesite bricks in the bottom. 
This was due to steel penetrating the bottom, after many 
months’ working, and coming into contact with the cables. 


Rebuilding the Bottom 


1. The furnace bottom plate was first covered with a 
layer of dry ground ganister about 1 in. thick. 

2. Covered with one course of silica bricks, 1 in. thick. 

3. Covered with a layer of magnesite dust. 

4. Covered with a course of 2} in. magnesite bricks. 

The brickwork was now ready for insertion of the copper 
bridge. On this work one bricklayer and one labourer 
were engaged for 8 hours. 

5. Copper cables placed in position (but not fixed) to 
allow bricklayers to proceed with the building. 

6. Commenced to build walls, 14 in. thick, of magnesite 
bricks. Joints tightly fixed and no continuous joints made. 
About | in. expansion allowed between the walls and the 
shell of the furnace. 

7. Each corner behind the 14 in. brickwork filled in with 
firebrick. The work of building rather slow owing to the 
majority of the bricks having to be cut for position. On 
this work two bricklayers and two labourers were engaged. 
The magnesite bricks were continued to the height of the 
bath (two courses above the door sills and ten courses 
in all). 

8. The walls were now covered with a thin layer of 
magnesite powder and building proceeded with silica bricks. 
No continuous joints were made, and all joints well fixed. 
Two bricklayers and two labourers. 

9. Electricians connected cables up in transformer house 
and made brackets ready for fixing cables under the furnace. 
One electrician and one labourer engaged. The building 
of the walls continued, as well as jambs and arches of both 
charging doors. The door arches were brought well forward 
at the charging sides in order to make the doors a good 
fit. The fitter prepared the holes underneath the furnace, 
on the rockers, to maintain the holders for the cable bracket. 

When the building of the walls was completed, the 
furnace was thoroughly cleaned out and the copper cables 
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Two good fires were then 
built in grates and placed inside the furnace for drying. 
These were maintained for two days and nights until the 


protected with steel plates. 


heat penetrated to the shell plates. The furnace was now 
quite dry and ready for putting in the new bottom, after 
being well cleaned out. 

The cables were slightly waved over the furnace bottom, 
as shown in the sketch (Fig. 1), and lightly covered with 
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On top of this was put a layer of 


powdered graphite. 
This 


retort carbon, ground very fine and mixed with tar. 
was rammed very compactly to a thickness of 1} in. 

The next layer was a mixture of 70°, dolomite, 15°, 
chrome ore, 10°, steel turnings, and 5°, ground carbon. 
This mixture was ground very finely and mixed with tar. 
Rammed very hard to a thickness of 2§ in. 

2nd Mixture.—Dolomite 80°,,, chrome ore 10°,, turnings 
7%, carbon 3°,. This mixture was ground finely, mixed 
with tar, and rammed to a thickness of 3 in. 

3rd Mixture.—Dolomite 90°,, chrome ore 7°, steel 
turnings 3°,, no carbon, ground finely, mixed with tar, 
and rammed to a thickness of 3 in. 

4th Mixture.—Dolomite 100°, rammed to a thickness 
of 4in.; the banks also rammed with 100°, dolomite, a 
template of wood being fixed in the furnace on top of the 
bottom to give the necessary height and shape. 

The roof, prepared separately, was next fixed in position 
and electrodes set, and coke was charged on the bottom. 
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Fig. 2.—Diagram showing a method of ramming a conductive 
hearth. , 

(1) One inch of ground ganister. 

(2) One course of silica split brick (1 inch) 

(3) One course of magnesite brick (24 inches) 

(4) 1} inches of retort carbon and tar 

(5) Dolomite 70 x 
carbon 5! 

(6) Dolomite 80° 
carbon 3°... 

(7) Dolomite 90°... chrome ore 7 

(8) Dolomite 100°... 


chrome or: 15 steel turnings 10° 
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chrome ore le steel turnings 7 


, steel turnings 3 


The current was switched on (1,000 amps.) and kept on 
for 30 mins. The electrodes were then raised, and the 
coke allowed to burn by its own heat. The coke fire was 


kept in for 24 hours, after which the current was switched 
on in alternate periods of 2 hours on and 1 hour off, coke 
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being fed as it burnt low. The current was increased each 
successive working period by 500 amps. up to a maximum 
of 3,000 amps. 

After 24 hours’ alternate current, there was a good 
heat on the furnace, but yet no sign of bottom contact. 
The current was now kept on continually, fresh coke being 
charged at intervals. After 12 hours, tar commenced to 
drip from the cable slots underneath the furnace. 

One electrode was now raised, and the other pressed 
down into the coke as far as possible, with the result that 
bottom contact gradually appeared. Amperage was kept 
down to 1,500 for the next 18 hours. The furnace was 
now ready for charging. The total current consumed 
during the process of burning-in was 4,295k.w. The 
voltage used was 75. 

All coke and coke ash was now raked out thoroughly. The 
top of the banks was fettled round with magnesite and 
other places with dolomite where necessary. The electrodes 
were set and charging commenced. This bottom lasted 
1,500 charges. Fig. 2 is a sketch of the hearth completed. 
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Fig. 3.—10-ton Greaves-Etchell furnace, showing method of 


making the hearth. (Dimensions in mm.) 


Another Method.—An alternative method of putting in a 
conductive hearth is as follows, as put in a Greaves-Etchell 
furnace. In this furnace, the conductive medium is a 
copper plate riveted to the shell of the furnace and covering 
almost the whole of the bottom. This plate is covered with 
a layer 2 in. thick of finely ground old graphite electrodes, 
mixed with tar and well rammed. On this is put a layer of 
crushed amorphous carbon (old electrodes) also mixed with 
tar. This layer is not finely ground, but crushed to gravel 
size and is 4 in. thick. On top of this layer, and close to the 
sides of the furnace, is built a 4}in. wall of firebrick 
extending as high as the level of the bottom of the hearth, 
as shown in the illustration, Fig. 3. After this comes the 
magnesite and silica wall. 

The next layer is a mixture of 10 shovelfuls of dolomite, 
10 of magnesite, and 3 of steel clippings, all mixed well 
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together with tar and well rammed. This layer will be 
ll in. thick. On top of this is 10 in. of a mixture of equal 
parts of dolomite and magnesite to complete the hearth 
and banks. To increase the conductivity, 100 metal 
spikes, each 21 in. long, are driven through the two top 
layers (marked A and B in the illustration Fig. 3), as far 
as the top of the layer D, which is the amorphous carbon 
layer. These spikes are placed at equal distances apart 
(about 210 mms.), covering the whole of the bottom. 


MATERIALS REQUIRED FOR BUILDING A 10-TON GREAVES- 
ErcueLL Evectric FurNAcE (ConpuctivE Bottom). 


Quantity 

Sizes in Mms. Required. 
Firebricks (ordinary size and shape) ............ 500 
Magnesite bricks (to enclose the hearth) ........ 2,000 
Silica bricks, 230 x 120 75 walls and roof .... 2,000 
230 x 120 x 50 - ous 200 
230 x 120 x 40 99 eees 200 
230 120 x 70 x 60 wedges...... 500 
” 230 120 te, i roe 200 
* 99 230 fe 2S See 200 
%” 230 «x 120 50 x 50 (doors) 100 
Bull’s eyes (size according to electrodes, say 10 in.) 56 

Dolomite 9,500 kilogs. 
Magnesite * - o 5,625, 
Graphite - ~ ” 480 ,, 
Amorphous carbon ,, o» %» 1,020 _ ,, 
Steel clippings an ‘ o 1,400 ,, 
Dehydrated tar : é 9% 6 barrels 
Metal spikes - is a 100 
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These are approximate figures, of course, but they 
will give a good idea of requirements before commencing 
to build. The hearth is calcined in the same way as 
described for the previous method. 

Of the two methods I have described, of putting in a 
conductive hearth, the advantage of the first is that there 
is less danger of a break-out through the bottom owing to 
the protection afforded by the layer of brickwork under- 
neath the copper cables, but, on the other hand, there is 
less conductivity, from the same cause. The second method 
gives greater conductivity, but there is greater danger of a 
break-out. But this danger only arises from neglect, and 
if due care and attention is paid to the bottom between 
casts, there is no reason why break-outs should occur at all. 
Of the two methods, I prefer the second for all-round 
efficiency. 

In making any conductive hearth, care should be taken 
not to use too much tar, as this, on heating up the furnace, 
collects on the bottom, forming an insulation between the 
conductive medium and the hearth, thereby delaying the 
appearance of bottom current. 

As soon as botton current appears, the hearth and banks 
should be well saturated with clean slag in the same way 
as described for a basic open-hearth furnace, but it is very 
important that this slag should be open-hearth slag, as 
electric slag usually contains too much fluorspar. 


Lime and Soda-Ash Water Softening 


URING the past few years notable advances have 
D taken place in lime and soda-ash water softening, 

particularly necessary for water -tube boilers, such as 
is being used more and more in the iron and steel industry. 
A typical example of the latest scientific principles is a 
‘* Paterson” plant operating at Kenyon Junction railway 
station, supplying softened water for the locomotives. 
This is on the vertical, cylindrical, reaction tank principle, 
with * Osilameter ” feed gear for the reagents, which are 
mixed at the ground level and pumped to the top, and 
separate closed pressure sand filters to give absolutely 
clear water, equal to town’s supply. 


Water - soften- 
ing plant at 
Kenyon Junc- 
tion, showing 
the lime and 
soda-ash _ re- 
agent mixing 
tank with 
attached pump. 


The improvements embodied in this lime and soda-ash 
lant, of which another example is at the Ford works, 
Dagenham, are the reagent feed gear, mixing of the reagents 
t ground level, replacement of the wood-wool filters by 
losed-pressure sand filters cleaned by compressed air, 
nd, when necessary, filter presses for the sludge. In many 
ises the latter is a great improvement, since the hard 
ikes obtained are much easier to dispose of than a mass of 
et sludge. At Kenyon Junction, however, this method is 
t required, since the sludge can be discharged on to 
ljacent waste land. 


Some time ago 16 large “‘ Paterson ’”’ lime and soda-ash 
plants were completed at different stations for the L.M. 
and 8. Railway, and full details have now been made 
available concerning the Kenyon Junction plant. The 
duty is 30,000 gallons of softened water per hour, and the 
installation includes a main vertical cylindrical reaction 
tank, a brick building with two bays housing two pressure 
filters, electrically-driven air compressor, lime and soda- 
ash reagent mixing tank, along with a storage tank and 
all the necessary pumps, pipes and valves. 


The pressure sand filters have a total filtering surface of 
254-4 sq. ft., and operate at a standard speed of 118 
gallons of water per sq. ft. of filtering surface per hour. 
Cleaning is by means of compressed air, as already indicated, 
the deep sand layer being agitated to disentangle the 
separate material, mostly very finely divided calcium 
carbonate, which is then swept away to the drain by a 
momentary reversal of the water flow. 

The lime and soda-ash reagents are mixed in a wide 
diameter cylindrical tank provided with a mechanically- 
driven agitator and a pump discharging to the vertical 
tall cylindrical reagent store tank from which in turn the 
reagent is pumped to the “ Osilameter ” feed gear on the 
top of the main reaction tank outside the building. This 
feed gear operates automatically, adding more or. less 
reagent according to the varying demand for softened 
water, and most of the precipitated calcium carbonate 
separates as sludge at the bottom of the reaction tank. 


The latter is 34 ft. 0 in. high and 21 ft. 0 in. diameter and 
holds 150,000 gallons, that is five hours’ supply, to ensure 
the most efficient results, the raw water being 19° of 
hardness. The partly clear softened water then goes 
through the closed pressure sand filters as already stated 
and passes to an overhead horizontal cylindrical softened 
water store tank mounted on girders between the building 
and the reaction tank. Inside the softened water store 
tank also, from which the locomotives are supplied, are 
electrical contact float switches fixed at the correct levels, 
which actuate automatically the hard water and softened 
water pumps so as to always maintain a constant supply of 
softened water. 
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Seventeen Years Work of the 
Physico-technical Institute 
of the U.S.S.R. 


(By a Special Correspondent.) 


La Physical Technical Institute under the Academy 
of Sciences of the U.S.S.R. was founded in 1918 by 
the late Mr. A. Lunarcharsky, Commissar of Educa- 
tion of the R.S.F.S.R. (Russian Socialist Federated Soviet 
Republic). The staff of the Institute at first consisted 
mainly of students of Professor Joffe—Semenov, Lukirsky, 
Frenkel, Kapitza, Dorfman, and Kirpichev, all of whom 
have won notable places for themselves in modern physics. 
Prominent engineers, such as Chernishev, Mitkevich, 
Chatelain and Bogoslavsky were later added to the staff. 


At first the Institute confined itself to the study of 


X-rays and their application to the study of atomic 
structure, molecules and solids, and their use in metallurgy. 
In December, 1918, the optical section of the Institute, 
headed by Professor D. C. Rojoestvensky, became an 
independent organisation, known as the Optical Institute. 
The radium section likewise was converted into the 
independent Radium Institute in 1932. 


Research in many Fields of Physics 

During the seventeen years of its existence the Physico- 
technical Institute has carried out research in numerous 
fields of physics, in many of which it has contributed results 
of world-wide importance. The mechanical and the 
electrical properties of solids, electrical conductivity, 
volume charges in dielectrics, fluid crystals, semi-conductors, 
diffraction of electrons, magnetism, the photo-electric effect, 
chain reactions in chemistry, cosmic rays, and the structure 
of the atom nucleus are among the fields in which valuable 
additions to man’s knowledge have been made. 

The Institute’s research work into the photo-electric 
effect has yielded the classic investigations by Lukersky 
and Prilezhayey on the velocity of photo electrons by the 
spherical condenser method—a method which has become 
the standard in this field ; no investigation of the photo- 
electric effect is now carried on anywhere in the world that 
does not employ this method. Their results in the deter- 
mination of Planck’s constant have been adopted in all 
international tables of the fundamental physical constants. 

Valuable contributions to magnetic theory have also 
been made by the Institute's staff. Considering metals 
to be aggregations of metallic ions and free electrons, Y. G. 
Dorfman in 1923 discovered a new physical phenomenon, 
finding that in almost all metals the cloud of the free 
electrons possesses paro-magnetic properties. Later, in 
1927, the German physicist, Pauli, pointed out that this 
remarkable property of free electrons is one of the most 
important and fundamental proofs of the correctness of the 
modern quantum theory of metals. 

Y. I. Frenkel, in a German scientific journal in 1928, 
proposed a new explanation of the nature of ferro- 
magnetism. Only several months after the appearance of 
this theory did the noted German scientist, Heisenberg 
publish, in the same journal, a detailed theory of ferro- 
magnetism, based upon Frenkel’s hypothesis. 

The work of the Institute on X-rays was of two kinds— 
investigation of the nature of X-rays proper, and study of 
their use for examining and testing the structure of matter. 
The research of the Institute in the first field is among its 
best work, and has played an important part in developing 
our knowledge of changes in structure in the solid state. 
This was applied to metallurgical processes, as a result of 
which X-ray analysis has proved itself to be the equal of 
metallographic analysis as a satisfactory control of the 
heat treatment of steel in industrial plants. 

The Institute's work in this field did much to develop 
metallurgical production in the Soviet Union. At the 
present time almost all iron and steel plants possess indus- 
trial laboratories staffed by former students of the Institute, 
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who are making an important contribution to the advance 
of metallurgical practice throughout the country. 

Many hitherto unknown facts in the behaviour of fluid 
crystals were discovered for the first time in the Institute. 
As a result of their successful research work, members of 
the Institute were invited to participate in the Toronto 
Convention of the American Electro-Chemical Society, 
and in the Conference on Fluid Crystals held in Germany 
in 1931. The research work on fluid crystals done in the 
U.S.S.R. during the past few years will make it possible 
to solve a number of extremely important problems 
involving liquid structure, especially the structure of thin 
films adhering to solid bodies. 

For a number of years the Institute has been investigating 
the electric phenomena manifested by salts of tartaric acid. 
The dielectric constant of sodium potassium tartrate, for 
instance, reaches the enormous value of 200,000, while the 
dielectric induction, hysteresis and temperature effects 
exhibited by this crystal bear a striking resemblance to 
the magnetism observed in iron. In recent months many 
of the results obtained by the Institute have been confirmed 
by Scherer in his laboratory in Zurich, while the researches 
of Muller in California into the optical properties of such 
crystals have been based upon the ideas first developed in 
the Institute. This has led to the discovery of a wholly 
new class of physical phenomena—segneto-electric sub- 
stances. These substances can be employed in radio 
engineering for frequency changing as ferro-magnetic 
materials are now utilised. A number of patents in this 
field have already been taken out by Institute members. 

The work done at the Institute in the laboratory of 
N. N. Semenov on chain reactions in chemistry at first 
encountered considerable scepticism abroad, but later it 
won wide and general acceptance and has led to much 
similar work being done in other countries. The Soviet 
researches have been widely quoted in the world’s scientific 
Press, and many reports have been made on this subject 
at international science congresses. Semenov’s book 
“Chain Reactions’ has been published in an English 
translation by the Oxford University Press. 


Publications 

Four major scientific journals are published by the 
Institute in Russian and in foreign languages, while over 
500 scientific papers have been published by members of 
its staff during the past seventeen years. The work 
‘ Physics of Crystals,’ was published in America, and a 
French translation of “* The Electrical Properties of Semi- 
conductors ** was published in Paris. A large number of 
institutes of applied physics have risen throughout the 
Soviet Union, all of them outgrowths of the Physico- 
technical Institute The Chernishev system of photo- 
telepathy, over-voltage protection of electrical circuits, 
electrical dust-precipitators, new insulation materials, and 
the string extensometer are among the new instruments 
and industrial applications that were first developed at the 
Institute. 


London Manager Honoured 


A dinner was recently held 
at the Holborn Restaurant, 
London, on the occasion of 
the retirement of Mr. T. U. 
Hill, London Manager of the 
Carborundum Company, Ltd., 
Abrasive and _ Refractory 
Manufacturers, Trafford Park, 
Manchester. 


Mr. T. U. Hill, who will be 
familar to many, has been 
associated with his Company 
for 30 years. Presentations 
were made by the Directors 
and also by the Sales Mana- 
gers and London Staff. 
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Recent Developments in Materials, 


Tools and 


Alumina Laboratory Ware 

Details of a Notable Development 
OR very high temperature work in the laboratory and 
of great value, especially in connection with metals, 
alloys, and refractories, is a range of alumina equip- 
ment now being manufactured by the Thermal Syndicate, 
Ltd., of Wallsend-on-Tyne. This will stand temperatures 
up to 3,540° F. (1,950° C.), and is extremely resistant to 
the action of acids, alkalis, fused salts, and other products. 
Some reference to the alumina crucibles has already been 
made in these Columns (November/1935), and we have 

now been able to obtain additional information. 





Alumina ware crucibles and lids which will withstand 
temperatures up to 1,950° C. 


The complete range of the equipment, supplied also in 
two grades of porosity, “high” and “ low,” comprises 
basins, beakers, combustion boats, circular capsules (deep 
and shallow), rectangular capsules, and crucibles of different 
types, conical for bomb calorimeters, capsule shape flat 
bottom, gold assay shape, platinum shape, and squat. 
Also at the present time standard crucibles are supplied 
in sizes up to 45 mm. (1-77 in. high and 67 mm. (2-64 in.) 
wide.) It is possible, however, to make shapes up to about 
3-25in. external diameter and 4-Qin. high, which at 
present are the maximum dimensions, although probably in 
the near future larger pieces will be produced. 

Essentially this equipment, being pure recrystallised 
alumina, is manufactured by similar methods to those 
used for ceramic products, but special modifications are 
required for the firing process because of the high tempera- 
tures needed. A detailed investigation of the properties 
of recrystallised alumina is now also in progress at Wall- 
send, and the results will be published eventually. 

In general, however, it may be stated the chemical 
composition is over 99-9°,, Al,03, while the true specific 
gravity is 3-97, corresponding to 3-8 apparent (allowing 
for the porosity. Hardness also is 9 on MOH’S scale, the 
specific heat is 0-25 (within the range of 0-500° C.), whilst 
the electrical resistance at high temperatures, such as 
|,472° F. (800° C.) is superior to glass, porcelain, and fused 
silica. Great interest attaches also to the co-efficient of 
expansion of re-crystallised alumina, which is about 
'-QOOOO8 per 1C. within the range of 20 C—1,750° C. 
This is inferior to * Vitreosil”’ fused silica ware, which 
las a co-efficient of only 0-00000054 per 1 C. within the 

inge of 0-1,000° C., which seems to be the lowest of any 
‘nown substance. Consequently alumina crucibles and 
‘ther apparatus must be heated up and cooled down slowly 
0 avoid cracking, although they can be put into or taken 
ut of muffles at say 1,830° F. (1,000° C.) 

The great advantage of alumina, of course, is that it will 
tand a much higher temperature than fused silica, the 

ractical limit in the latter case being about 1,830 F. 


Equipment 


(1,000° C.), although complete melting, as distinct from 
softening, does not take place until 3,090-3,272° F. (1,700- 
1,800° C.) is reached. 

With regard to the chemical properties of the alumina 
ware, reducing gases have no action at the highest tempera- 
tures. A large number of oxides, silicates, borates, and 
other compounds also have no action in the molten condi- 
tion, whilst there is only a very slight reaction, which 
does not affect the use of the crucible or other apparatus, 
with lead, chromium, iron, and manganese oxides, alkalis, 
alkaline fluorides, and alkaline earth silicates. Metals 
and alloys of all kinds can be melted in these crucibles, 
without the latter combining chemically, although for 
iron, chromium and manganese an atmosphere of hydrogen 
must be used. 

Since alloys such as nickel-chromium (nichrome) are not 
affected at the highest temperatures alumina apparatus 
can be heated electrically by means of incandescent metal 
wire. Finally, all acids, even including hydrofluoric 
(which attacks silica) and all alkalis have no action at 
ordinary temperatures. 


New Soviet Plants for Heavy Industry 
NEw heavy industry concerns to the value of 9,000 million 
roubles are to be put into operation in the Soviet Union 
this year. With the starting of these concerns, the output 
capacities of all branches of heavy industry will be con- 
siderably increased. For instance, one million kilowatt 
of new generating capacity will be added to the district 
and industrial power stations, including five units of 
50,000 kw. each, 20 units of 25,000 kw. each, and one 
unit of 62,000 kw. to the Dnieper Hydro-Electric Power 
Station. There will also be put into operation a number of 
new large power stations, including the second unit of the 
Stalinogorsk station (Moscow Province) with a capacity 
of 100,000 kw., the Kamenskaya station with a capacity 
of 50,000 kw., and the Kanakir station (Transcaucasia) 
with a capacity of 42,000 kw. 

In the coal industry 18 new mines are to be put into 
operation with a total capacity of 5,750,000 tons of coal, 
this being nearly one-sixth of the capacity of the entire 
coal industry of Russia in 1913. In the oil industry 16 
new cracking units, with a total capacity for treating 
3,220,000 tons of oil, will be put into operation. A con- 
siderable increase is to take place also in the capacity of the 
iron and steel industry. There are to be put into operation 
14 new open-hearth furnaces, 17 rolling-mills and three 
blast-furnaces. These new units are expected to produce 
this year 758,000 tons of pig-iron, 345,000 tons of steel, 
722,000 tons of rolled steel, and 104,000 tons of cast-iron 
tubing. 

The first sections of the Ural Car-Building Plant, with 
an annual output capacity of 28,000 heavy freight-cars, 
will be started, as well as the Novocherkassk Locomotive- 
Building Plant, with a capacity of 200 freight locomotives, 
and the Krasnoyarsk Car-Building Plant, with a capacity 
of 2,000 cars. ‘The annual output capacity of the Gorky 
Automobile Works is to be increased by 100,000 lorries and 
automobiles, and that of the Stalin Motor Works in Moscow 
by 30,000 machines per year. The Ufa Engine Plant, the 
Kiev Automatic Machine Plant, and the Sverdlovsk 
Machine Tool Plant, are to be put into operation, as well as 
three large new cement plants in the Moscow Province, 
Novo-Bryansk and Yenakiyevo. 
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Modern Sintering 
Notable Installation at the Staveley Works 


ONSIDERABLE interest attaches to a new 

* Dwight-Lloyd ” sintering plant recently put into 

operation at the Devonshire Works of the Staveley 
Coal and Lron Co., Ltd., near Chesterfield. It has a rated 
capacity of 1,000 tons of sintered material per 24 hours 
when treating, for example, concentrates, pyrites cinders, 
and similar products. In the case of ores having a large 
calcining loss, however, such as some of the qualities 
(carbonate of iron) from the Lincolnshire and Northamp- 
tonshire areas, the capacity is correspondingly less. 

This type of machine, manufactured by Messrs. Hunting- 
ton Heberlein and Co., Ltd., consists essentially of a long, 
horizontal endless travelling chain of metal carriages or 
pallets, each having a flat floor formed of firebars, the overall 
length in the Staveley machine being 93 ft. 0 in., while the 
pallets are 6 ft.6in. wide, corresponding to a total treatment 
area of 430 square feet. On these carriages there is deposited 
a layer about 7-10 in. thick of the finely divided ore and 
other iron bearing material, mixed with coke breeze and 
the correct proportion of moisture. Ignition is carried 
out at the commencement of the travel by an overhead 
combustion chamber or ignition muffle, fired with blast 
furnace or coke oven gas, and the carriages then travel 
slowly over a series of suction windboxes, connected by 
trunking to a powerful fan, so that air is pulled through 
the material downwards to burn the coke breeze. This 
vives the temperature necessary to cause partial melting 
and agglutination (sintering) and the product is then 
discharged from the end of the machine as the carriages, 
forming part of the chain, travel over and downwards at 
the end on their return journey empty underneath. 

The material passes over a stationary inclined screen or 
yrizzly, and the resulting smalls not sufficiently sintered are 
returned for retreatment, while the main bulk is passed 

The retreatment of the fines 
in. mesh vibrating screen, the 


furnace. 
t 
RY 


direct to the blast 
consists in passing over a 
material passing through being returned to the raw iron- 
bearing material, while that over 2 in. is used for mixing 
with raw 4-1} in. iron ore to form a hearth layer for the 
pallets 

All the raw products are contained in suitable overhead 
bunkers, each with a variable speed feeder, controlled from 
the main operating panel, delivering to a main conveyer 
belt, and a single large rotary cylindrical mixer is also 
provided, having internal baffle plates, for mixing all the 
ingredients, including the coke breeze, the required amount 
of water being also added at this point. The final mixture 
is discharged on to the sintering machine by means of a 
rotary drum feeder, and there is also provided in this 
connection a second rotary drum feeder which first lays on 
the pallets a “ hearth layer” about 1} in. deep of over-size 
sintered material from the vibrating screen mixed with 
screened iron ore of 4-1} in. size, as already stated, on 
the top of which the first drum then lays the mixture for 
sintering. In general the total power consumption is 
about 15 Kw.h., and the operating costs are less than 
2s. per ton of sinter 


Cast-Iron Shaft Couplings 


A new specification for cast-iron shaft couplings, 
flanged type, with recessed bolt-heads and nuts (B.S.S. No. 
664-1936), has been prepared anc issued by the British Stand- 
Institution at the request of the British Engineers’ 
For reasons of satety, the recessed bolt-head 
The sizes range from 


rigid- 


ards 
Association. 
type of coupling has been standardised. 
jin. to 4in,. bore. The couplings are required to be inter- 
changeable in respect of bores, size and spacing of bolts and 
spigot and diameters. Recommended limits for the 
diameters of line shafting to give a satisfactory fit in the bores 
of the couplings are included in the specification. 
the specification may be obtained 


TeECESS 


Copies of from the 


Publications Department, British Standards Institution, 28, 


Victoria-street, London, 8.W. 1, price 2s. 2d., post free. 
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The Future of Engineering Education 
In his presidential address, delivered before the Alumni 
Association of Reusselaer Polytechnic Institute, Dr. W. O. 
Hotchkiss traced the technical development of the United 
States. Up to 1890, he said, it was passing through a stage 
of infancy and childhood, characterised by the hurried and 
rather poorly-organised opening up and settling of a vast 
continent, rich in all the natural resources, providing its 
people with homes and making crude but vast beginnings 
with transportation, manufacturing and agriculture, by 
methods which were based on the boundless wealth provided 
by nature. In the nineties the childhood days of her 
development gave way to the gradual realisation that her 
life as a nation was a more serious matter than had been 
thought, and during the next 25 years progress was rapid. 
In 1930, for instance, it took a man five hours to produce 
a ton of coal. In 1915, one man could produce about two 
tons in five hours. For a ton of ore in 1890 about six 
hours was required ; in 1915, only one and a-half hours. 

In the 25 years preceding 1915 the United States had 
lowered the costs and increased her use of natural resources. 
Her annual use of coal increased from one and a-half tons 
to four and a-half tons per person, of iron from 325 lb. to 
1,150 lb., of copper, lead and zine from 11 lb. to 30 Ib., 
of oil from 23 to 122 galls. During the 14 years which 
followed the beginning of the world war there are many 
striking instances of the effect of more efficient use of 
materials, but it is suprising to find that the vast increase 
in industry of all kinds, which occurred up to 1929, was 
carried on a steadily decreasing consumption of coal and 
metals. The United States had learned to make more 
kilowatt hours of electricity and haul more ton-miles of 
freight with a less total consumption of coal. Dr. Hotchkiss 
emphasised the position by stating that we can take one 
of our ordinary locomotives, melt it up and remake the same 
tons of metal into a locomotive that will pull more than 
twice as many ton-miles of freight per year, and do this 
with about two-thirds as many pounds of coal per ton-mile. 
The end of these technical improvements is not in sight. 

Finally, reference was made to the later period during 
which the general public have become aware of the ad- 
vantages offered by engineering efficiency, and industry 
has accepted the idea that its future is to be a still more 
rapid development of efficiency, as the knowledge of science 
and engineering are more and more applied to industrial 
processes. There is a vast amount of work to be done by 
engineers, and the present period in economic development 
may be regarded as the development of engineering educa- 
tion, which, says Dr. Hotchkiss, will be characterised by a 
new guiding principle, only recently effectively recognised 
by people generally, that of efficiency in the use of student’s 
time. 


Shipbuilding Steel Arrangements in 
Scotland 


The rationalisation of the steel industry in Scotland includes 
appointments to the boards of Colvilles, Ltd., and the Steel 
Company of Scotland, Ltd. Colvilles have contracts with 
Messrs. Harland and Wolff, Ltd., and its associates, and with 
Messrs. Lithgows, Ltd., and its associates for the exclusive 
right to supply them at market prices with all their ship- 
building steel requirements for a period of years. Recent 
appointments to the board of the Steel Company of Scotland 
include : -Mr. C.B.E., D.L., chairman and 
managing director of Colvilles ; Mr. Henry Lithgow, a director 
of Lithgows, Colvilles, and chairman of John Dunlop and Co., 
and Mr. A. MeCance, D.Se., a director of Colvilles. 

The new appointments to the board ‘of Colvilles include : 
Mr. F. E. Rebbeck, D.L., chairman and managing director of 
Messrs. Harland and Wolff; Mr. H. Yates, managing director 
of Messrs. Smith and McLean ; and Mr. T. R. Craig, who has 
been associated with the firm for many years. 

In addition to Mr. John Craig, the chairman and managing 
director, the other members of the board of Colvilles are Sir 
James Lithgow, Bart., and Messrs. David Colville, John 
Lennox, Henry Lithgow, A. M‘Cance and Peter Baxter. 


John Craig, 
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Business Notes and News 


Attracting New Industries 

There is a strong desire to attract new industries in many 
industrial areas, particularly those that have suffered most 
from the recent depression, but many factors are now con- 
sidered in the establishment of new industries in any particular 
area; the tendency is to favour attractive and properly- 
planned surroundings. In the depressed areas buildings that 
were formerly centres of activity have been allowed to decay 
and the areas in which they are located are anything but 
attractive to those seeking a suitable position for a factory. 

A scheme for modernising the older areas of industrial 
Lancashire, with a view to attracting new industries, is 
suggested by the Lancashire Industrial Development Council. 
This involves the raising of a loan with a Government guaran- 
tee, vested in a public trust formed to acquire sites and 
buildings, including derelict factories, involved in any improve- 
ment scheme adopted by a municipality and to finance the 
erection of modern buildings on these sites. The trust would 
have the power to sell outright on completion of the operation 
or to continue as Owners or part-owners. 

It is recognised that the problem of reconditioning the 
obsolete equipment of townships in industrial areas, where 
the streets and buildings are unsuited to the needs of modern 
industry and transport is a difficult one, and, with reasonable 
precautions, the formation of a public trust as suggested need 
not prejudice the principle of private ownership, since property 
owners involved in an adopted scheme would have the right 
either to rebuild in conformity with the scheme or to sell 
out at an arbitrated price. The legislation in connection 
with such a scheme would provide the usual safeguards 
against injustice or unsoundness. 


New Soviet Stream-lined Electric Train 

A fast stream-lined electric train, to be known as the 
SOSH, is to be built by the Mytishchi Railway Car Works, 
near Moscow. The new trains are intended for use on the 
Moscow suburban lines and will be put into service in November 
of this year. They will be able to develop a speed of 87 m.p.h., 
as against 56 miles of the existing electric train. 

The bodies will be of special steel, which is expected to 
reduce the weight of each car by seven tons. The coaches 
will have soft leather seats. Like the cars on the Moscow 
Metro, the doors of the SOSH trains will be closed from the 
cabin of the driver. 


A Steel Industry Film 


A film showing the most modern development of present- 
day technique in steel production has been prepared by the 
United Steel Companies, Ltd. It presents a pictorial record 
of an ideal achieved in steel manufacture. That ideal was 
to erect a plant and devise a process of manufacture and code 
of inspection which would enable this firm to meet the most 
exacting demand with a series of certified steels of a consistent 
quality. The film shows the manufacture of steels by the high- 
frequeney electric welding process in a plant which is the 
largest of its kind in Great Britain. When produced the steel 
is submitted to a severe code of inspection, which includes an 
entirely new system for measuring the non-metallic inclusions, 
and the steels in the series are sold to a standard count based 
on this system. The steels are disc inspected and metallur- 
‘ically examined and tested, from which they get their trade 
name ‘* Diamet.”’ 

This film, which is silent, with explanatory titles and is on 
i6 mm. stock, is of considerable technical interest and readers 

re invited to make use of it. Applications, which can only 
dealt with in the order received, should be sent to the 

iblicity Department, The United Steel Companies, Ltd., 17, 
Vestbourne Road, Sheffield 10. 


Royal Aeronautical Society Awards 


At a meeting of the Amulree Committee held on April 27, 
136, the following awards were made on the recommendation 
the Council of the Royal Aeronautical Society :—The 
‘itish Gold Medal for aeronautics to Dr. Hugo Eckener for 
s technical achievements in lighter-than-air craft ; and the 
itish Silver Medal for aeronautics to Mr. A. J. Rowledge, 
L.A.E., F.R.Ae.S., for his scientific achievements in the 
velopment of aircraft engines. 
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Tees-side Developments 


The South Durham Steel and Iron Co., Ltd., and the Cargo 
Fleet Iron Co., Ltd., are making extensive developments. 
These provide for the early restarting at Seaton Carew of two 
reconstructed blast furnaces, which have not been operated 
since 1925, resumption of work in a Stockton melting shop, 
which has been idle since 1928, and the construction at West 
Hartlepool of a new battery of coke ovens and by-product 
plant. The estimated cost of these developments exceeds 
£1,000,000. 

The contract for the coke-oven plant, after close investiga- 
tion of the latest American, Continental and British practice, 
has been placed with Messrs. Gibbons Brothers of Middles- 
borough and Dudley. The by-product plant will deal with 
tar and the various distillates and the surplus gas will be used 
in the West Hartlepool mills. Construction is to begin 
immediately and is expected to be completed within a year. 


Babcock and Wilcox Acquire Rights of the 
Johnson Water-tube Boiler 


Messrs. Babcock and Wilcox, Ltd., have, we understand, 
acquired world rights for the Johnson water-tube boiler, and, 
under the name of the Babcock-Johnson boiler, propose to 
develop this unit for light-weight, medium and _ high-rated 
boilers for merchant ships and for naval requirements. 

The firm will, therefore, be in a position to offer the standard 
Babeock marine boiler, the *‘S.X.” light-weight small-tube 
design, and the Babcock-Johnson, thereby covering the whole 
of marine steam boiler requirements for all types of naval 
and mercantile craft. 


Aluminium Alloy Sheet and Strip Material 
New Company 

IN view of the apparent shortage of sheet and strip material 
in aluminium alloys, and to meet the increasing demand for the 
high strength aluminium alloys, a new company has been 
registered under the name of Reynolds Rolling Mills Limited 
for the manufacture of aluminium and magnesium alloy sheets 
and strip and allied products, as an extension of the aluminium 
alloy products in tubes, bars and sections already being 
made by the Reynolds Tube Co. Ltd., at Hay Hall Works, 
Tyseley, makers of weldless steel tubes and weldless tubes 
and sections of aluminium alloy. 

It has been arranged to take over an exceptionally fine range 
of buildings near Birmingham which are already in existence, 
and it is anticipated actual manufacture will commence in a 
few months time. The company is a private one, the capital 
which is registered at £200,000, being subscribed for by 
Tube Investments Ltd., and High Duty Alloys Ltd. The 
registered offices are at Hay Hall Works, Tyseley, Birmingham. 


South African Orders for Britain 

A further evidence of the business relations between South 
Africa and Britain is shown by recent orders totalling 
£1,072,981 which have been placed by the Capetown City 
Council in connection with a new power station. 

The more important items are £483,030 for boiler plant, 
for which the order has been placed with Babcock and Wilcox, 
Ltd., London; £157,700 for turbo-alternators, placed with 
C. A. Parsons and Co., Newcastle-on-Tyne ; £107,655 for 
steel-frame buildings, placed with Babcock and Wilcox, and 
£106,549 for switchgear, placed with A. Reyrolle and Co,. 
Hebburn-on-Tyne. 

A further example of the value of the South African market 
is afforded by three orders placed by the South African 
Government during the past fortnight. The first was for two 
steam tugs for the harbours administration; this went to 
Scotland at £197,000. Another for a suction dredger, costing 
£140,000, also went to Scotland. The third was for rails 
and fishplates to a total of £461,000, and of this £106,000 
went to Canada and £354,000 to the United Kingdom, distri- 
buted amongst firms in Barrow, Glasgow, Manchester and 
Workington. 


Mr. I. J. Hawke, General Sales Director of the Carborundum 
Co., Ltd., recently sailed for the United States on the s.s. 
Britannic. Whilst in America he will make a close study of 
modern engineering practice prevailing, particularly with 
regard to the abrasive and kindred industries. 

Mr. Hawke is due to arrive back in England on July 1. 
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MARKET PRICES 





ALUMINIUM. GUN METAL. SCRAP METAL. 
v8/99% Purity *Admiralty Gunmetal Ingots Copper Clean 
(88:10; 2) } a Braziery 
*Commercial Ingots - 
English ot : *Gunmetal Bars, Tank brand, Brass 
SNEED cccepevecsseciesnns lin. dia, and upwards. . lb. 
Crude ees ow 4 *Cored Bars 


_ 


Aluminium Cuttings 
Lead 
Solid Drawn Tubes .......... Ib. 937d. Soft Foreign 5 2 6G Heavy Steel 
Brazed Tubes . wie . English 
) Seenn e« , r x . 7 ~ 1 Se 

Reds Drawn .. MANUFACTURED IRON. —a wee 
Wire eeneen *| geotland Cleveland 
*Extruded Brass Bars Scot an : . Cast Tron 
Crown Bars, Best Mit ain 
COPPER. N.E. Coast S. Wales 

Rivets 10 10 Cleveland 

Best Bars . 10 2 . om 

- ~ Steel Turnings 

Common Bars 9 5 Cleveland 
Lancashire : . 

arate 12 ¢ Midlands .. . 

q oe Cast Iron Borings 
ae £10 2 UV ~<a 
I Cleveland 

Midlands Santhend 

Crown Bars 


_ 


wre be bo We 


Standard Cash . 
Electrolytic 
Best Selected .. 
Tough 
Sheets 
Wire Bars , 
Ingot Bars -cedenen 
Solid Drawn Tubes ........ . 104d. : 
as See j Unmarked Bars from SPELTER. 
FERRO ALLOYS. Nut and Bolt — G.O.B. Official 
tTungsten Metal Powder .. Ib. » 4 . : ‘ 0 to - Hard 
tFerro Tungsten .........- » » ‘ Gas Strip English 
Ferro Chrome, 60-70%, Chr. S. Yorks India 
Basis 60% Chr. 2-ton Best Bars ... G 
lots or up. Hoops iz Oo 


24%, Carbon, scale 11 — 
2 per unit ... PHOSPHOR BRONZE. 
=z |4-6% Carbon, 7 *Bars, ‘“ Tank” brand, 1 in. dia. 

per unit 2: j and upwards—Solid 
6-8% Carbon, scale 7 *Cored Bars 
per unit es - : tStrip 
, (8 10°, Carbon, scale 7 tSheet to . 
per unit : ‘ tWire 2 ” » (Marine) — wots 
§Ferro Chrome, Specially Re- tRods . ‘ d. ” » (Land), N.E, Coast 
fined, broken in small tTubes os ” (Marine) 

preces for Crucible Steel- tCastings Angles, Scotland : 

work. Quantities of 1 ton t10°% Phos, Cop. £30 above B.S. ” North-East Coast 

or over, Basis 60% Ch. +15% Phos. Cop. £35 above B.S. 9° Midlands .. 

Guar. max. 2% Carbon, tPhos. Tin (5%) £30 above English Ingots. Joists 


o . 
scale 11/0 per unit Heavy Rails 


Guar. max, 1% Carbon, PIG IRON. Fishplates 
scale 12/6 per unit .... 36 Cf Scotland Light Rails 
sGuar. max. Oi Carbon, , Hematite M/Nos. ... “Siemens Acid Billets 
_ scale 12/6 per unit es Foundry No. 1 = - - _ € - 
{Manganese Metal 97-98% i No. 3 ae _ . . rf - 
’ Mn. . 1 2 N.E. Coast a - - : aos 3 2 anc 
{Metallic Chromium . f —eseattia Ma. S« asic 
§ Ferro-Vanadium 25-50%. . ‘ ; Foundry No. 1 ‘ Hoops. calihtaaia £9 10 
§ Spiegel, 18-20% » No.3 oo ' ienichl 


Ferro Silicon y 
No. 4 Scotland, Sheets 24 B.G 10 


te bo 


_- 


104d, Marked Bars... 
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STEEL. 
Ship, Bridge, and Tank Plates 
Scotland 
North-East Coast 
Midlands 
Boiler Plates (Land), Scotland . . 


— 
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Basis 10%, seale 3 Silicon Iron 
a ABIB <0'/o» Midlands HIGH SPEED TOOL STEEL. 
3/6 ’ t ‘ y . ¥ va N ‘ q —— " , 
as 00), thea ai N. Staffs Forge No. 4 . : Finished Bars 14% Tungsten .. Ib. 2/- 
per unit Ease 9 5 N , ” Foundry No. 3... . Finished Bars 18% Tungsten .. ,, 2/9 
f Y Northants Extras 
70/80°,, b 75%, , WN ; te % . ; : P 
70/ 4 vapnee a . Foundry No, 1 > Round and Squares, fin. to din. ,, 3d. 
4 -/ P ra y q } , a 2 
90 ea, " 90° Forge No, bo ‘ ‘on § - Cnr SU. 60 OM. eseseccccs » 
' 10/ o mgeott o» ce Foundry No. 3 3 1: Round and Squares 3 in. 4d. 
Silico M I laser * Ty Derbyshire Forge eee , Flats under lin. X jin. 3d. 
§Silico Manganese 6! Foundry No. 1.... : ve a din. X fin. 1/- 


Mn., basis 65% Mn. ... ‘ Foundry No. 3.... 
; grep Pitanium, West Coast Hematite 
a 2 st East 
Ferro Phosphorus, 20-25 
Standard Cash 


§ Ferro-Molybdenum, Molyte j SWEDISH CHARCOAL IRON Patel 
. . > > © 4 x A 4 4 4 + “ng ish 
§Calcium Molybdate AND STEEL. ye nat 
FUELS. Pig Iron Kr. 107 Eastern 
Foundry Coke Billets Kr, 240-310 £12 7 6-£16 0 Tin Plates I.C. 2 
S. Wales . 1 6 } Wire Rods Kr. 290-340 £15 0 O0-£17 0 
Scotland. ....... 1 lo Rolled Bars (dead soft) 
Durham ...... 3 6tol 4 Kr. 200-220 £10 6 0-£11 0 
Furnace Coke Rolled Charcoal Iron Bars English Sheets 
Scotland 5 Kr, 290 15 0 0 Rods 
8. ) 6 All per English ton. f.o.b, Gothenburg. Battery Plates 
Durham Converted at £1= Kr. 19.40 approx. Boiler Plates.... 


” ” 


*McKechnie Brothers, Ltd. May 12 + C. Clifford & Son, Ltd., May 12. } Murex Limited, May 12 
Subject to Market fluctuations. Buyers are advised to send inquiries fur current prices. 


§ Prices ox warehouse, May 12. 





